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Combines ultrafiltration with electrophoresis. Used 
for freeing colloidal solutions of electrolytes, dialyzing 
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The author describes the performance of the appa- 
ratus as follows: ‘‘When 20 ce of broth were placed 
in the dialyzing chamber and the full current was 
turned on, the ammeter read 4.5 amperes. If this 
amount of broth were dialyzed without current, it 
would require 3 hours to increase its resistance to the 
passage of current sufficiently to give an ammeter 
reading of 0.016. When dialysis was combined with 
electrophoresis, a reading of 0.013 amperes was 
reached in 45 minutes.’’ 





This ingenious design, utilizing both the front and back of the support, results in an 
apparatus in which twenty-eight parts, including electrical instruments, shaking motor, 
ete, are combined into one complete unit ready for immediate operation on direct 
current. 


Write for descriptive literature and prices. 
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NEW YORK, N. Y. 
Third Ave., 18th to 19th St. 





chit duce 2 ER 


re Ba agp ing 9 ee AA AM 





PR RE Eg 


As eMC cote 8 KE re 


ashes 


a ee 


mit, Sra Aa bn we etcmane 
(eh ae Eases FAS v0 


ee Beery 


See a gent wees 


ceridpudiesutcudtininsnambasmaiandetadin ceanae made 


wets on 
ia 


Se Te ties 





Cab 2 oR ET 











tt Sl thee lo, a as Nhe 


SCIENCE—ADVERTISEMENTS 














University of 
CALIFORNIA PRESS 


Studies on Citrus— 
Optimum Moisture Con- 


yore ditions for Young Lemon 
Trees on a Loam Soil. 


Some Abnormal Water 
Relations in Citrus Trees 
of the Arid Southwest 
and Their Possible Sig- 
nificance. 20 cents 


An Investigation of the 


HODGSON, Roserr 


COIT, J. E. Abnormal Shedding of 
and Young Fruits of the 

D N Washington Navel 
HODGSON, RosBert i. $1.00 
REED. H. 8. On the Existence of a 
fe a Growth-Inhibiting Sub- 

” stance in the Chinese 
HALMA, F. F. Lemon. 25 cents 


The Growth of Citrus 
Seedlings as Influenced 


GIRTON, RaymMonp by Environmental Fac- 


tors. 45 cents 
Complete list of titles—over 2000 in ali—sent free 
on request. 


University of California Press 
Berkeley, California 














THE MONIST 





ere Oh 


a 





cA Quarterly Magazine 


CONTENTS—JULY, 1927 


The Finalism of Psychical Processes. 
Eugenio Rignano 


Contemporary Philosophic Tendencies in South 
PIE nis a bens APR Coriolano Alberini 


The Metaphysics of the Instrument. (1). 
} Sidney Hook 


Alexander’s Metaphysic of Space-Time. (I). 
Arthur E. Murphy 


Is Politics a Branch of Ethics?.G. E. G. Catlin 


The Psychological Basis of Autosuggestion. 
A. K. Sharma 


A Theory of the Unconscious..Olaf Stapledon 


Literary Criticism and the Study of the Un- 
Si a a Maude Bodkin 


Reports and News: 
International Congress of Psychology at 
GrOUMBBOR 6... osen 00s Eugenio Rignano 


$3.00 yearly; single issues 85 cents. 
Send for complete catalog 


The Open Court Publishing Co. 
337 East Chicago Avenue, Wieboldt Hall 
CHICAGO, ILLINOIS 





| 











———Cambridge University Pres: 


Inorganic Plant Poisons and Stimulants 

By WINIFRED E. BRENCHLEY 
A Cambridge Agricultural Monograph on inorgay;, 
substances which are being used as artificial fy. 
tilizers in agriculture. $3.5) 
The Physiology of Reproduction in the Cow 

By J. HAMMOND 
A text-book for students of agricultural 4; 
veterinary science, based on long experimentatiy, 
Fully documented and illustrated. $7.0) 
Elementary Integral Calculus 

By G. LEWINGDON PARSONS 
An introduction to the subject of Integral (4. 
culus for mathematical students. $1.6) 
Integral Bases 

By W. E. H. BERWICK 
This number of the Cambridge Tracts in Matha 
matics and Mathematical Physics give the resuj 
of an attempt to obtain the modulus of compla 
integers in the field of algebraic numbers define 
by #*-a=0 $2.1) 
Calculus of Variations 

By A. Rk. FORSYTH 
This volume attempts a systematic exposition ¢f 
the subject by what is, in the main, a unifom 
composite process. The gradual historical growth 
of the tests has determined the arrangement. 

$16.00 

Principia Mathematica, Vol. III 

By A. N. WHITEHEAD and BERTRAN) 

RUSSELL 

‘*Likely to remain for many years the standari 
work on the subject and its republication is a mos 
important event.’’—Nature. $8.51 


The Founders of Seismology 


By CHARLES DAVISON 
A history of the study of earthquakes, groupe 
around the founders of the subject from John Bevis 
and Elie Bertrand down to John Milne ani 
Fusakichi Omori. $4.25 
Themis 

By J. E. HARRISON 
A study of the social origins of Greek religion 
‘‘a book of extraordinary interest and power.’ 
Westminster Gazette. $7.00 
The Cambridge Reinaert Fragments 

By KARL BREUL 
The unique Culemann Fragments are made 
cessible to students of Old German literatwt 
through exact reproduction and translation. 


$3.0) 

The Diffusion of Culture 
By R. R. BARRETT } 
The Frazer Lecture in Social Anthropology, v 


The Economics of Small Holdings 
By EDGAR THOMAS 
An intensive and extensive study of small sca 
farming in England from the viewpoint of t 
economist. $1. 
American Agents 


THE MACMILLAN COMPAWN! 


60 Fifth Avenue New Yor 

















ical I 
EXNE 
utific 
e Co 
ternal 
nds ; 

e Gee 
ition 
ms in 
tifie . 
orsity 
sion 
SUSE ¢ 
PRIES 
1ssr001 
Ultra 
BECCA 
and: 
teor: 
ttions: 
p Nati. 
tific B 
dingto: 
rs: Di 
ial T 
J. Mul 
ifie A: 
Instri 
od Vis 
We Arti 
antidi¢ 
bility, 
W. Ri 
oxide 
vhie In 
y and | 
e New, 





ENCE 


ment 


blish 


ew \ 
Ster, ] 


Subs 

CE is 
r the A 
mbersh 
ce of { 
ion Bu 
ed as , 
t Lane 





TZanie 
al fer. 
$3.50 


OW 


1 and 
tation, 
$7.00 


al Cal. 
$1.6) 


Mathe 
 Tegult 
ompler 
defined 

$2.10 


tion of 
niform 
growth 
t 


$16.0 


RAN) 


‘andard 
a most 
$8.5) 


sroupel 
n Bevis 
ne and 


$4.25 


igion— 
yer,” 


$7.00 


nde at: 
erature 


n. 
$3.0 


y, 198 


Il scale 
of the 
$1.5) 


Ww Yor 








CIENCE 








JuLty 22, 1927 No. 1699 


LXVI 








CONTENTS 


‘cal Research and its Organization: Dr. SIMON 





ye) in j 69 
tific Events: 

e Conversaziones of the Royal Society; An 
ternational Society for the Study of Peat- 

ds; An Agricultural Census of the World; 

e Geologic Survey of Pennsylvania; Field Ex- 
jitions of the University of Chicago; Resolu- 








s in Memory Of Victor Lemme ccneccccesccseesomonn 73 
tific Notes ANA NWS oocsccccccscrisernemnen 76 
orsity and Bdwucational Notes ....ccccccccccseeosen 78 
ssion: 


suse of the Name ‘‘ Leucoscope’’: Dr. IRWIN 
Priest. Tadpoles as a Source of Protozoa for 
nssroom Use: Every R. Becker. The Effect 
Ultraviolet Radiations upon Soy Beans: H. 





BECCA DANE, The Flora of Barro Colorado 
and: Dr. A. §S. Hirencock. A Daylight 
cor: WILLIAM Li, BRYANT o.cccicceccccsen 78 
itions: 

» National Museum of Australian Zoology .......... 81 
tific Books: 

dington on the Internal Constitution of the 

ee eg ee ET ee a re 81 
ial Transmutation of the Gene: PROFESSOR 
2B tht te AR 0m Aa ON 84 





ific Apparatus and Laboratory Methods: 
Instrument for Repeated Determinations of 

od Viscosity in an Animal: RuSSELL A. WAuD 87 
uM Articles: 

antidia from Pigs and Gwuinea-pigs, their 
bility, Cyst Production and Cultivation: Dr. 

W. Rees. The Decomposition of Hydrogen 
oxide and the Mechanism of Latent Photo- 

phic Image Intensification: Drs. E. P. WieHT- 
Ree ly aA 89 
¢ News x 














ENCE: A Weekly Journal devoted to the Ad- 
ment of Science, edited by J. McKeen Cattell 
ublished every Friday by 


THE SCIENCE PRESS 

ew York City: Grand Central Terminal. 
ster, Pa, Garrison, N. Y. 

Subscription, $6.00. Single Copies, 15 Cts. 

CE is the official organ of the American Associa- 
r the Advancement of Science. Information regard- 
mbership in the Association may be secured from 
ce of the permanent secretary, in the Smithsonian 
ion Building, Washington, D. C. 

ed as second-class matter July 18, 1928, at the Post 


t Lancaster, Pa, under the Act of March 8, 1879. 


MEDICAL RESEARCH /.ND ITS 
ORGANIZATION? 


OCCASIONS such as the one in which we are partici- 
pating are peculiarly significant. They mark the ad- 
vancement of knowledge—its principles and practice 
—through a training of both the mind and the hand in 
the power to comprehend and extend knowledge. All 
knowledge comprises one vast domain; there is to-day 
searcely a line of separation between the pursuit of 
the knowledge called “humanistic” and that called 
“scientific.” The object is one, since in both what is 
sought is the interpretation of nature, whether in the 
physical world about us or in the mind and spirit 
within. In all these fields, we are now used to exercise 
the privilege of free inquiry and to substitute for 
authority the evidences of our perceptions. 

This high privilege is on the whole a recent acquisi- 
tion. Although we date our intellectual freedom from 
the Renaissance period, it is fruitful to reflect on the 
diverse ways in which the revival of learning in the 
fourteenth, fifteenth and sixteenth centuries affected 
on the one hand the development of letters and art, 
and on the other that of science. The interest awak- 
ened in the literature of Greece and Rome was shown 
in the admiration not only for the works of poets, his- 
torians and orators, but also for those of physicians, 
anatomists and astronomers. In consequence, scien- 
tific investigation was almost wholly restricted to the 
study of the writings of authors like Aristotle, Hip- 
pocrates, Ptolemy and Galen, and it became the high- 
est ambition to explain and comment upon their 
teachings, almost an impiety to question them. Inde- 
pendent inquiry and the direct appeal to nature were 
thus discouraged, and indeed looked upon with the 
utmost distrust if their results ran counter to what 
was found in the works of Aristotle and Galen.? 

It is not without significance for us that it was the 
anatomists of the sixteenth century who broke with 
tradition and determined to examine the human body 
for themselves, and it was owing chiefly to the labors 
of two independent geniuses, contemporaries for a 
time at the University of Padua, Galileo and Harvey, 
working in very different spheres, that the old order 
was overthrown and a new era inaugurated. 

For medicine as well as for the physical sciences 


1 Address made at the Convocation for the Conferring 
of Advanced Degrees, Brown University, June 14, 1927. 

2 Harvey, W., ‘‘Motion of the Heart and Blood in 
Animals,’’ translated by Robert Willis, Everyman’s 
Library, 1906; Introduction by E. A. Parkyn, p. vii. 
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these two men were of supreme importance. From 
Harvey’s discovery of the movements of the heart and 
blood vessels dates not only the science of physiology, 
but that of medicine itself. It has been well said that 
this great discovery stands to medical practice much 
in the same relation as the discovery of the mariner’s 
compass stands to navigation.’ 

Harvey’s epochal book was published in 1628. It 
seems probable that he began teaching his doctrines 
to his classes as early as 1616—the year of Shake- 
speare’s death. For more than ten years, Harvey de- 
layed any formal publication of his experiments and 
deductions, meanwhile inviting criticism and opposi- 
tion to his views from all sources, in order that the 
complete truth, free from any falsities and misconcep- 
tions, might be disclosed. To-day as it did then, his 
modest treatise stands as a landmark in human his- 
tory, and a perusal of the methods of experiment em- 
ployed and the mode of presentation adopted arouses 
feelings only of admiration and emulation. The fun- 
damental thesis of Harvey’s teaching is expressed in 
almost winged words by a modern physiologist :+ 
that only by searching out and studying the secrets of 
nature by way of experiments can we hope to attain 
in the words of Job “to a comprehension of the wis- 
dom of the body and the understanding of the heart,” 
and thereby gain that mastery of disease and pain 
which will enable us to relieve the burden of mankind. 

The announcement of the discovery produced a sen- 
sation; it was opposed, but not by the younger physi- 
cians. Among those who discerned its significance 
was the philosopher Descartes. The material effect 
was not fortunate. Harvey’s medical practice fell off. 
Patients feared to put themselves under the care of 
one accused by the ignorant and envious of being 
crack-brained, and of putting out new-fangled and 
dangerous doctrines. This fate of great innovators is 
still not unknown. There was fortunately one man in 
a high place who showed lively interest in the dis- 
covery. Charles I supported Harvey and appointed 
him his personal physician. It is interesting to reflect 
that this monarch, whatever opinion may be held of 
his other qualities, by aiding Harvey and Van Dyke 
showed himself an enlightened patron of art and sci- 
ence.° 

Hardly more than half a century separates the 
astounding figure of Harvey from the overwhelming 
figure of Newton—“the lawgiver of the universe” in 


3 Simon, Sir John, ‘‘Motion of the Heart and Blood 
in Animals,’’? Everyman’s Library, 1906; p. ix, Editor’s 
Introduction. 

4 Starling, E., Lancet, 1923, ii, 869. 

5 Harvey, W., ‘‘Motion of the Heart and Blood in 
Animals,’’ Everyman’s Library, 1906; p. xviii, Editor’s 
Introduction. 
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the phrase of his contemporaries. Both me, ver 
enemies of mere speculation, and upholders of th, of | 


perimental method, and both were conspicuous by Alo. 
son of the extreme caution with which they pro 


gated their discoveries. Newton even less thay 5 we 
vey was possessed of the passion, verging on fy, meet 
eism, for scientific discovery which has distingyj hat 
many men. He had almost to be cajoled int bnr'ic 
enunciation of the discovery of the law of gravitas ect | 


and he all but failed to complete the Principia MM ., 
cause he detested controversy. ‘ me 

“I see I have made myself a slave to philosopiyfii:, 
will resolutely bid adieu to it eternally, except vig) 2 
do for my private satisfaction, or leave to con It 
after me; for I see a man must either resolve to jonas 
out nothing new, or become a slave to defend it” Hosea 

Newton’s objectivity was extraordinary ; in spi: <oo: 
the wonderful success of his theory he did not i, be 
that the law of gravitation was the final expraiiuter 
of gravitational phenomena—a piece of scientific, nd 
tion which we have seen justified in our day. entu: 

To those of us charged with the responsibili is the 
searching out scientific aptitude, it is wholesomiime, 
learn that the reflective youth, unlike most gm An 
mathematicians, gave no evidence of mathemiii§nd r 
precocity. Even when at. nineteen he entered (@hrou; 
bridge he had no definite intention of studying mind K 
matics; it was the chance picking up of a bodiientiv 











astrology at a country fair which turned his mipiolog 
this direction, and yet when he took his B.A. dgiinder 
four years later he had discovered the bingiithin 

















theorem and invented the differential calculus. lusive 

The past one hundred years have seen the trugj™mg in 
of the experimental method; the deepest problengyhemic 
which we are aware have been explored with q@jmpilicti 
dence because of the perfection of method and oj™phich 
struments of extreme precision. In the phigjmetion; 
world we stand in awe of the marvels being sgecult f 
plished as, to take two or three spectacular cxalgiso ta 
in the field of atomic structure, of radiology ageriati: 


aviation. The medical biological field is also Wmeir p 
cultivated, with results no less significant perhangggmeachin 
science as a whole. brms ¢ 





Since the greater speed of diseovery has come ijmen-dis 
the last half century, it may be of interest to y mmot 
briefly into some of the advances in medical mm 
with which subject I am myself more familiar. The : 
this science should have lagged somewhat and ImBrasit 
still grows more slowly than the mechanical and ed mo 
eal sciences need scarcely evoke comment. As Wie Way | 
marked by Claude Bernard,® “the object of sé ‘ be 

6 Bernard, Claude, ‘‘An Introduction to the ‘WIRE ‘ea 
Experimental Medicine,’’ English Translatio?, 


p. 67. " Broy 




























































» No, Wyory 22, 1927] SCIENCE 71 





st 
ri 
men verywhere the same: to learn the material conditions Perhaps no subject of wide investigation has b 
Of the@iiyf phenomena. But though this goal is the same in yielded more startling and valuable information than ti 
Dus by Mlthe physico-chemical and in the biological sciences, it that relating to the physiological effects of the so- i 
Y Prog; much harder to reach in the latter, because of the called internal secretions. If indeed we wish to cor- Y 
than nobility and complexity of the phenomena which we relate present-day outlook in medical practice with q 
On fall ect.’ Under these circumstances it is no wonder earlier happenings, we could choose no more feeund | 
stinguidfili hat at a period when the physical sciences were being example than the master work of Claude Bernard on 
d int MiMnriched by experiment, medicine still remained a sub- the sugar-liberating functions of the liver, to which 
Sraviteiiime ect of philosophical systemization—a condition called he first applied the phrase. Contemporary investiga- 


ncipia, my the philosopher Locke the Romance-way of physic, tion by physiological and chemical means of this class 

pecause it is more easy for men to build castles in the Of substances, the chemical messengers, or so-called 
ilosophyliimir of their own than to survey well those that are on hormones of the body, through which many of its 
cept Whillhe ground.’ functions are integrated, has been rich in surprising 
O come It is usual to date the beginning of what we are rewards. Almost everyone is familiar with the rela- 
olve tif leased to call the present or modern era of medical tionship of the “stunted, pot-bellied, slavering eretin,”® 
nd it” Hiresearch from the establishment of the germ origin of with defect of the internal secretion of the thyroid 
in spiifimisease. In truth, no such sharp distinction as this is gland, and we stand awed before the now common fact 
1 not filo be drawn; the germ theory of disease is a logical Of the transformation of the cretin into a normal, 
expramputgrowth of the state of development of chemistry comely, intelligent child merely by the administration 
ientific@ignd physiology in the middle period of the nineteenth of the substance of the thyroid gland of animals. 
y. entury, and those two sciences had contributed then, And we are growing familiar with the instances of 
nsibiliflmims they continue to contribute in ever-increasing vol- gigantism and of excessive obesity, resulting from 
nolesomfim/mme, to the store of biological knowledge. pathological conditions of the complex pituitary 
most gam And yet there is truth in the view that new impetus gland, the small body which sits on the fantastic 
athemdijm™|nd new hope were suddenly brought into medicine Turkish saddle at the base of the brain. The physio- 
tered (mhrough the pregnant discoveries of Pasteur, Lister logical effects as well as the practical uses of epine- 
ying miggend Koch, which did so much to aid the growth of pre- phrine, the peculiar secretion of the adrenal glands, 
a. bodimmentive and curative medicine. The pursuit of micro- would seem to bear daily testimony to that regulatory 
his mitif/iology, the science of the infinitely little, is stil] mechanism, through which fear is expressed and 
B.A. d@iinder full swing. The quest has broadened greatly courage reinforced; while the saving graces of in- 
1e binmmmvithin the past few years. The mere study of the sulin, the hormone regulating the sugar consumption 


alus, lusive parasite has given way to a much more search- of the body, have rendered the lives of many thou- 
the tril™™mg investigation of its intimate properties, its precise sands of victims of diabetes tolerable and happy. 
problesimmnemical constitution, on which depends its power for This is a very incomplete list of even our present 
with @@@™mlicting injury, and on a real understanding of knowledge of these subtle, integrative, chemical mes- 


1 and cj™mhich rests man’s power of defense against harmful sengers of health and disease. Others regulate at the 
he plg™m™tion; and the knowledge already gained in this dif- proper moment the order of the digestive secretions, 
eing atgmmcult field is of very great significance. The quest is determine secondary sexual characteristics, and even 
ur exam SO taking into account a remarkable capacity for stand watch and ward over the generation of human 
logy i™mmeriation among these minute parasites, affecting life itself. 
; also Weir propensity for inducing disease and raising far- There is no sharp line between health and disease, 
perhepmmeaching questions as to the origin of the parasitic and no sharp distinction between the functions called 
rms and their relation to the far greater number of physiological and pathological. A knowledge of the 
s comefmmen-disease producing microbes with which man in body will include all the biological processes with 
st to i mon with all living things lives in intimate daily which we can deal. The animal body has often been 
ical saggpmomunion. compared to a watch, and the physician with the 
niliar. The newer studies have brought the knowledge of expert watchmaker, and it has been hoped that in due 


; and Mrasite and host, the animal and plant, into closer time doctors will be as good at their craft as wateh- 
1 and pam more equitable relationships, and have thus shown makers are at theirs. It is true, of course, as John 

As Wi “ay by which epidemies on an experimental scale Brown, the gifted author of “Rab and his Friends,” 
of sciay be profitably investigated among laboratory ani- has pointed out, that the watchmaker is not called on 
the St “oa pris to yield information valuable in itself to mend the watch while it is going, and that this 
lation, rming in respect to epidemics in man. makes all the difference. But the simile is far more 


" Brown, John, Horae Subcivae, 1st Series, p. 19. 8 Starling, E., Lancet, 1923, ii, 869. 
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imperfect than this, since the most cunning of Swiss 
watches which tolls the precise minute of the day or 
night, shows the day of the month, the quarters of the 
moon, and even other successive events, is so far 
simpler than the beautifully constructed and inge- 
niously integrated animal body, that it is almost an 
offense to compare one with the other. 

The vocation of medicine is multiple; hence the 
need for specialization. In recent times, the scientific 
medical investigator has also become a specialist. 
Since medicine is one of the biological sciences, it is 
natural to ally it with biology as an educational dis- 
cipline. But this definition has become too narrow. 
The growth of medical science, as a biological science, 
has brought it into more and more intimate relation- 
ship, first with classical chemistry and now with clas- 
sical physies, to the great benefit of both medicine and 
biology. A generation ago we saw the rise of bio- 
chemistry as an independent subject of research and 
knowledge; to-day we are witnessing the beginnings 
of biophysics as a similar independent subject. There 
is hardly a direction in which classical chemistry and 
classical physics are moving forward, in which biology 
and medicine do not promise presently to follow. 

These circumstances call for specially trained men 
possessing the temper and aptitudes of the investi- 
gator to pursue medical research. Indeed, so for- 
midable has become the demand for the investigation 
of medical problems that particular provision is be- 
ing made in universities and special institutions 
founded to fulfill this demand. On all sides the 
persons with these qualities are being scrupulously 
sought in increasing numbers. In order to provide 
for them the most favorable opportunities for work, 
a kind of organization of research is being under- 
taken. This is a new thing as a purely scientific ex- 
periment, and hence it may be well to inquire just 
what is embraced under the term of “organized med- 
ical research.” 

There are known conditions under which scientific 
discoveries have been made in the past. The strong 
individuality of the gifted investigator is well illus- 
trated by the two extreme examples dealt with at the 
beginning of this address. It were futile to attempt 
any organization which purposes to promote dis- 
covery by such persons as these. Indeed, it is not 
intended at all, and probably would prove impossible 
ever to organize the subject-matter of research and 
the extraordinary minds which are the chief means 
of making discovery. It is now recognized that the 
progress of science, while strictly logical, is not uni- 
form. The whole body of scientific knowledge does 
not move and can not be moved forward on a wide 
front. As a matter of fact, the reverse process oc- 
curs; progression takes place now at one, and now at 
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another part of the front—after which, and perhay 
slowly and with great effort, the rest of the column 
moves on. In the meantime, still another thrust q, 
curs, and now perhaps at a new part of the ling 
necessitating a still further general readjustment, 
And so with an infinity of pushes and pausg 
owing to the efforts first of one and then of anothe 
group of investigators, and at different periods, oy Mmeand 
observes a larger problem to be cleared, but perhaps 
never completely solved. As Newton has said, phy. fen f 
ical laws deal. with relations between phenomena, noi igcuT 
with causes; and causes need not be mathematical  Himmyea™: 
all. Moreover, the physical laws we enunciate mug fmm¢2? 
be regarded as provisional and approximate. Heng At 
the progress of science means the closer and cloqmmto 4 
approximation to the objective—perfect, immutabk fmm hes 
laws. n or 
The first indications of an experimental advangmmehe | 
may occur many years ahead of the explanation o{jmmthesis 
the phenomena involved, and until the latter appean iie4"s¢ 
the real significance of the discovery may be missei fee - 
Thus, Hopkins observed that small animals failed tjgnore 
develop normally on a carefully balanced, adequateyqmaedmit 
calorie diet, not imagining the fault to lie with thgmm°T Ss! 
want of almost imponderable quantities of necessayfmmete 4 
vitamines, substances still of elusive chemical compe pther’ 











































sition, the existence of which at the time was ugepu! tr 
known. Now we designate with almost a half doz each 
letters of the alphabet as many supposedly vitamimgi "SP! 
entities which control as many physiological alge 1 | 
pathological functions of the animal body. rie 


In like manner when the remarkable power of ol 
liver oil to prevent rickets in the young had bea 
clearly shown, no one could have suspected that a like 
effect was produced by certain rays of the sun, abl 
even less that in both instances the beneficial acti 


tion 
f cha 
ver ke 
lence 


is determined by a reciprocal, quantitative relation i ly Pv 
the phosphorus-calcium content of the blood. Jui cS . 


now that the study of radiation effects—of X-ray aul 
of radium emanations—is claiming so much attentia 
we wish to ascertain what it is that takes place, whit 
on the one hand leads to that kind of injury of at 
mal cells that sometimes produces cancerous cont 
tions, and on the other the benefizial: changes that 
sult in the actual cure of pre-existing cancerl 
growths. That the radiations alter in some way " 
physiology of cells—normal or cancerous—may * 
assumed; it is the how that is being sought, and 
nature of the alterations induced. The ability " 
grow animal cells indefinitely outside the body ™ 
provided an almost perfect material for the biologic 
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testing of the effects of physical and chemical ag@™ by ¢ 
from which in due time a new cell physiology " losing 
doubtless emerge. eived, 


Among investigators the rarest are those men wil 
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a presentiment of new truths; the far greater number 
merely develop and follow the ideas of others. In a 
few instances the presentiment is extraordinary, but 
‘+ jg always likely to be a brilliant example of the 
scientific use of the imagination. Of the first order 
of magnitude was Harvey’s assumption of the exist- 
once of minute vessels uniting the arteries and veins 
and completing the cireuit of the circulation. In his 
Jav the microscope was too primitive to reveal them; 
n fact, Malpighi’s discovery of the capillaries oc- 
urred four years after Harvey’s death and thirty 
vears after the publication of the “Motion of the 
Heart and Blood in Animals.” 

At all periods, voices have occasionally been raised 
» decry the domination of medicine by science. 
These timid souls would return to the less aided senses 
n order to provide the so-called intuitive faculty of 
he physician with greater latitude. Just now this 
hesis has been put forward by an eminent German 
surgeon—Sauerbruch—and an active controversy has 
been started. The weight of opinion, fortunately, is 
more modern and logical, for while it is properly 
dmitted that superficial science can never compensate 
or slipshod observation, and while it is allowed that 
pne doctor’s wits are sharper and quicker than an- 
ther’s, yet it is urged with easy conviction that with- 
but true knowledge even the supremely intuitive can 
each no real goal nor pass beyond the limits of the 
inspired ignoramus.” 

If, therefore, we may not seek to organize the sub- 
ect-matter of research, we may nevertheless under- 
ake to organize the facilities which make the prose- 
tion of research more consistent and less a matter 
yf chance. In earrying out this purpose, we must 
ver keep in mind that the outstanding discoveries in 
ience are the accomplishments of real men and usu- 
ly of great men. Now, as it has been well said, 
reat men are just those who bring with them new 
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ay atl deas and destroy errors. They do not, therefore, 
contingamesPect the authority of their predecessors and they 


0 not move in an ordered way. While it is of course 
rue that the discoveries of the great men preceding 
hem stand at the base of their own discoveries, yet 
either is ever the promoter of absolute and immu- 
able truths. “Each great man belongs to his time and 
an come only at the proper moment, in the sense that 
here is a necessary and ordered sequence in the ap- 
Carance of scientific discoveries. Great men may be 
ompared to torches shining at long intervals to guide 
le advance of science. They light up their time, 
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‘eit ither by discovering unexpected fertile phenomena 
age vhich open new paths and reveal unknown horizons, 
i E by generalizing acquired scientific facts and dis- 


osing truths which their predecessors had not per- 


ot tived. If each great man makes the science which he 
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vitalizes take a long step forward, he never presumes 
to fix its final boundaries and he is destined to be out- 
distanced and left behind by the progress of suc- 
cessive generations. Great men have been compared 
to giants upon whose shoulders pygmies have climbed, 
who nevertheless see further than they. This simply 
means that science makes progress subsequently to the 
appearance of great men, and precisely because of 


their influence. The result is that their successors. 


know many more scientific facts than the great mem 
themselves knew in their day. But a great man is, 
none the less, still a great man, that is to say—a 
giant.”® And who would presume to confine, that is to 
restrict by organization, a band of giants? It is 
enough to provide them, as they may now hope to be 
provided, with suitable material resources with which 
to perform their gigantic, wonder-working tasks, of 
which they are often the unconscious agents. This, 
and as it seems to me, this alone is the purpose and 
the justification for the organization of science: to 
afford opportunity commensurate with the objects to 
be attained, for both the giants and their associates of 
smaller stature, for him who blazes the trail and him 
who clears the path, since both operations are needed 
in order that knowledge may be increased and the 
light be made to enter the still dark places, and the 
spirit of man be thereby enlarged and made to shine 
with ever greater brilliance. 
Srmon FLEXNER 
THE ROCKEFELLER INSTITUTE 
FOR MEDICAL RESEARCH, 
New York, N. Y. 





SCIENTIFIC EVENTS 


THE CONVERSAZIONES OF THE ROYAL 
SOCIETY 


THE first of the two conversaziones given annually 
by the Royal Society has taken place at Burlington 


House, when, as usual, an array of exhibits was pro- © 


vided for the instruction and entertainment of the 
visitors. 

According to an article in the London Times one 
of the most striking demonstrations was that of Mr. 
A. A. King, who showed the application of ultra- 
violet radiation from a mereury vapor lamp to the 
detection and estimation of minute quantities of ar- 
senic. When a mercury-arsenic stain on a piece of 
filter-paper sensitized with mercuric chloride is ex- 
amined in ultra-violet light the unchanged mercuric 
chloride fluoresces blue, while the mercury-arsenic 
stains stand out as a black dise. Arsenic stains, 


® Bernard, Claude, ‘‘An Introduction to the Study.of 
Experimental Medicine,’’ English Translation, 1927, 
p- 41. 
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which are quite invisible in ordinary light, may be 
revealed in this way, and it is said to be possible to 
detect and estimate quantitatively amounts of arsenic 
as small as 0.00001 of a milligram. Impurity in dis- 
tilled water is also revealed by fluorescence in ultra- 
violet light, and it has not yet been found possible, 
even with the most refined methods of distillation, to 
prepare water that does not show some sign of fluores- 
cence. An exhibit from the National Physical Labo- 
ratory also illustrated the difficulty of preparing sub- 
stances in a state of absolute purity. It ineluded 
specimens of iron, manganese and chromium, the 
impurities in which are detectable only with the spec- 
troscope. 

Another exhibit from the National Physical Labora- 
tory showed the structure of pure mercury in the 
solid state, the metal being kept frozen by liquid air 
or carbon dioxide snow and acetone and etched with 
a solution of hydrochloric acid that does not freeze 
at the temperatures employed. A collection of metal- 
lurgical specimens exhibited by Sir Robert Hadfield 
included sections from reinforcement bars of high 
tenacity non-corrodible steel, which are being used in 
the preservation work at St. Paul’s to replace the 
original wrought-iron bars put in by Sir Christopher 
Wren. 

Bolometers responding with remarkable rapidity to 
radiant heat were shown by Mr. H. Dewhurst; they 
consist of a narrow strip of bismuth, believed to be 
only 0.0000007 em. thick, deposited on thin celluloid 
films by electrical evaporation. The thermostat of 
Lieutenant-Commander F. J. Campbell Allen and 
Mr. A. E. Salisbury depends on the fact that mag- 
netic metals lose their magnetic properties at certain 
temperatures; in the apparatus an armature nor- 
mally attracted by the metal drops as the tempera- 
ture of the metal is raised, to be attracted again 
when the temperature falls. , 

Other physical exhibits included apparatus devised 
by Professor O. W. Richardson and Mr. F. S. Robert- 
son for comparing the yield of soft X-rays from dif- 
ferent substances; a demonstration by the British 
Thomson-Houston Company of the phenomena pro- 
duced by an arc in a hot cathode discharge tube con- 
taining argon when tungsten vapor is injected; the 
Selényi method of measuring the vacuum in a lamp 
and new methods of using gas-filled photoelectric 
cells, one enabling very small illuminations to be 
detected without any delicate apparatus, and the other 
suitable for picture telegraphy, by the Research 
Laboratories of the General Electric Company; and 
apparatus for analyzing gases by means of high-fre- 
quency vibrations and for estimating flame tempera- 
ture by spectrum line reversed, by the National Phys- 
ical Laboratory. 
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AN INTERNATIONAL SOCIETY FOR Typ fp p. 
STUDY OF PEATLANDS | shing 


Aw international organization for the study of 
peatlands (Moorforschung) has been formed as a gy}, 
commission of Commission VI of the Internation 


Society of Soil Science. The object is to promot Rs 
pr the 


BAN | 


peat investigations on an international basis and 
coordinate and develop, in cooperation with goven, 












‘ ati 


mental, state and private agencies such research anj [ae pret 
uniformity of methods in laboratory and field pry. ty 
n 


tices as are deemed in the interest of the fullest jy. 
vestigation, utilization and protection of peatland p. 
sources. The work of the organization is to be carriaj eet, 
on by the following officers: Dr. A. P. Dachnowsk, I) Fw 
U. S. Department of Agriculture, chairman; Dr nding 
Hugo Osvald, director Peat Experiment Station Mi@North 
Jénképing, Sweden, secretary; Professor Dr, } MM in ta 
Tacke, Germany; Colonel J. Girsberger, Switzerland: iiipntial 
Dr. L. von Post, Sweden; Professor S. H. McCrory nised 
Washington, D. C.; Dr. F. J. Alway, Minnesota iii of the 
U. 8. A.; Dr. W. 8S. Dokturowski, U. S. S. R. (Rus Mir. Est 
sia); Dr. A. Kirsenov, U. S. S. R. (Russia). and 
Cooperation nas been assured by an Internation MiMi, Sa 
Peat Committee which consists of leading member fiimce acr 
well known for their investigations in the geograph-(i™-Chine 
ieal distribution of peatlands, in paleobotany, stratig. ime, New 
raphy, agronomy, forestry, engineering and other spe fm@ng Ar 


sters 
sions 


cial phases of peatland utilization. a. H 
The formation of the organization was initiated see to 
informal conferences with directors of peat institute {iiMiMe, havi 


and peat specialists in several countries of Europe gmmed prac 
The proposal was made and approved of holding simp the s 
special peat session in the United States and orga-f—mmls is t 
izing during the sessions of the First Internationjiimtres tc 
Congress of Soil Science, held in Washington, June gjmeountri 
13 to 22, 1927. ute, o1 
The value of the special peat session just closeijgmend les: 
was shown by the interest in an exhibit of different {im 20t m 
types of peat and profile sections of peat areas, avijm™esus in 1 
by the commission’s formal recognition of the advar-fimmes In th 
tages of genuine international action in comm! the pr 
projects. It aims at the coordination of fundamentél fs to ob 
peat investigations with the practieal technique “i” of sti 
utilizing areas of peat for different purposes. At if h cour 
final session the Congress recommended to secure ut 0 issue 
formity of methods of procedure for the investigating ng th 
and handling of peatlands, with the ultimate aim ¢ 
obtaining an accurate determination of the agricll 
tural and industrial possibilities of peatland resourt® 
throughout the world. E Topo 
Persons engaged in any aspect of this subject aa is car 
desiring to associate themselves with the work of ti ™iPresent f 
international sub-commission are invited to join ®MMBtaphic 
members. Communications may be addressed to Dt 
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> Dachnowsky, U. S. Department of Agriculture, 
shington, D. C. 


SAN AGRICULTURAL CENSUS OF THE 
WORLD 


agricultural census of the world is planned 

or the direction of Mr. Leon M. Estabrook, of the 

national Institute of Agriculture at Rome. Plans 
» prepared and approved by the general assembly 
he institute in April, 1926. 

nee June, 1926, Mr, Estabrook has been visiting 
sters of agriculture and heads of the statistical 
sions of various governments in regard to the 
ect. 

| European countries and surrounding countries, 
nding Russia, Turkey, Syria, Palestine, Egypt and 
North African Colonies, have promised coopera- 
in taking the census, France offering the most 
ntial difficulties. The European nations also 
nised to aid the institute in obtaining the coopera- 
of the colonies. 

r. Estabrook is visiting Canada at the present 

and will proceed to Mexico, Cuba, Jamaica, 
i, Santo Domingo, Porto Rico, Panama and 
e across the Pacific to Hawaii, Japan, China, 
China, the Philippines, Dutch East Indies, Aus- 
1, New Zealand, India and the countries west, in- 
ng Arabia and others, to the colonies of eastern 
a. He will then proceed to South Africa and 
e to South America. He hopes to return to 
e, having completed the circuit of the world and 
ed practically every country, in time for the meet- 
bt the general assembly in October, 1928. 

is is the first attempt ever made to induce all 
ries to take an agricultural census. Out of the 
ountries listed by the International Agricultural 
ute, only 60 have ever taken an agricultural cen- 
nd less than 40 have taken one since 1900. Of 
f uot more than four happened by chance to take 

us in the same year, and no two have taken their 

in the same manner. 

the present ‘attempt is successful, the institute 
8 to obtain funds for its continuation, with col- 
n of statisties every ten years. 

h country has agreed to pay for its own census 
0 issue its own report, which will be utilized in 
ring the institute world report for each product. 


THE GEOLOGIC SURVEY OF 
PENNSYLVANIA 


B Topographie and Geologic Survey of Pennsyl- 
8 carrying on the following projects during 

resent field season in addition to the cooperative 
aphie work: 
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G. H. Ashley. Preparing a popular report on the 
rocks of Pennsylvania. 

R. W. Stone. Field work on building stones of Penn- 
sylvania. 

J. D. Sisler. Detailed reconnaissance of the oil and 
gas fields of Pennsylvania. 

Anna I. Jonas. Detailed areal mapping in the Middle- 
town and York quadrangles, with some cooperation from 
George W. Stose, of the United States Geological Survey. 

Herbert Hughes. Detailed areal mapping of the Free- 
port quadrangle. 

Frank Leverett, of the United States Geological Sur- 
vey. Cooperative study of glacial geology, especially that 
outside the terminal moraine. 

George H. Chadwick. Stratigraphic studies in the oil 
and gas region of northwestern Pennsylvania, 

Henry Leighton, University of Pittsburgh. Studies in 
the clay deposits of Pennsyivania of the Pittsburgh dis- 
trict, with field and laboratory studies by Professor J. B. 
Shaw at State College. 

Charles R. Fettke and W. A. Copeland. Detailed 
plane-table mapping and studies in the Bradford oil field. 

Freeman Ward, Lafayette College. Areal studies of 
the sand and gravel deposits of Pennsylvania. 

Charles H. Behre, Jr. Detailed studies of slate west 
of Lehigh River. 

Arthur M. Piper. Underground water resources of 
northwestern Pennsylvania, 


On May 7 the state printery was nearly destroyed 
by fire. The survey’s remaining stock of bulletins 
was on the third floor of this building and practically 
all destroyed. It is hoped that the more recent of 
these bulletins may later be reprinted from insurance 
funds. 


FIELD EXPEDITIONS OF THE UNIVERSITY 
OF CHICAGO 

FIELD expeditions from the University of Chicago 
have started on divergent trails to study scientific 
records of America in anthropology, geology, arche-' 
ology and paleontology. 

Professor Fay-Cooper Cole, of the department of 
anthropology, will continue the extensive study of the 
Illinois mounds which he began last year. Illinois, ac- 
cording to Professor Cole, is the key state in anthro- 
pology for prehistoric America. His work this sum- 
mer will be part of a program that may take ten years 
to complete. Information will be gathered on the 
mounds of the state by advanced students under his 
direction, and some preliminary excavations will be 
made. 

Paul Miller, curator of Walker Museum, will con- 
tinue his research on dinosaurs and other extinct ani- 
mals in an area of east-central Wyoming. 

Professor Edwin Sapir, of the department of an- 
thropology, and Fang-Kuei Li, Chinese student, will 
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study the language of a group of Hupa Indians in 
northwestern California. Li, who is specializing in 
linguistics, is working under the committee on Amer- 
ican Indian languages of the Council of American 
Learned Societies. He will teach Chinese at the uni- 
versity next year. 

A group of twenty-five students from a dozen uni- 
versities and colleges met in June at the University of 
Chicago geological field station near St. Genevieve, 
Missouri, for a period of intensive study under Pro- 
fessor Stuart Weller. The site and buildings were 
presented to the university by W. E. Wrather, an 
alumnus. 

Professor J Harlen Bretz, also of the department 
of geology, will continue studies of an area of 12,000 
square miles in Washington, south of the Spokane 
River and east of the Columbia. Six graduate stu- 
dents and one undergraduate will assist him during 
part of the study. 

Several members of the department of geology will 
work under the State Geological Survey, Dr. Paul 
McClintock continuing a detailed study of Illinois 
glacial deposits, and Dr. Jerome Fisher studying oil 
and gas possibilities in the southeastern part of the 
state. Associate Professor A. C. Noé, paleontologist, 
who is now in Russia engaged in the investigation of 
coal mines for the government, will later conduct a 
course on fossil plants in the coal fields of Illinois, 
Indiana and Kentucky. 

A field class under the direction of Professor Edson 
S. Bastin, chairman of the department of geology, is 
now at work in the region of Devil’s Lake, Wiscon- 
sin. Later Professor Bastin will complete a study of 
fluorspar deposits of Illinois and begin work on the 
asbestos deposits south of Quebec. 


RESOLUTIONS IN MEMORY OF VICTOR 
LENHER 


A MEMORIAL resolution in honor of Dr. Victor Len- 
her, late professor of analytic and inorganie chemistry 
at the University of Wisconsin, was adopted at the 
last meeting of the faculty. Introduced by Professors 
R. Fischer, C. K. Leith and J. H. Mathews, it recalls 
the life and labors of Dr. Lenher, who died on June 
12, 1927, at the age of fifty-four years. 

Professor Lenher was called to the University of 
Wisconsin as assistant professor of general and theo- 
retical chemistry in 1900; he was previously at Co- 
lumbia University. In 1904 he became associate pro- 
fessor and in 1907 he was made professor. The reso- 
lution reads further: 


For fourteen years he was a member of the board of 
education of the city of Madison, and for two years he 
was a member of the state board of health. His con- 
stant interest in municipal and state affairs was of in- 
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estimable value to the city and to the commony, sul 
During the early part of the world war, he inters | the 
himself in researches on gas warfare in collabo by 
with the bureau of mines and the gas service. Lat, wh 
was commissioned as major in the chemical yay wh 


service and served first as chief of university rely; 


and later as adjutant on the staff of Major-ga, y 
Sibert, director of the chemical warfare service. }, " 
honorably discharged, December 5, 1918. ” 
In the study of the chemistry of gold, telluriy, the 
selenium, he reached preeminence. His researches abo 
chemistry of these elements number over 60, covery Uni 
period of over twenty-five years. | I 
The resolution eulogizes Professor Lenher as an gimme Seu! 
eator and for his interest in students, and conting Kni 
In the death of Professor Lenher, the university 
suffered an irreparable loss. He came to the univ ¥ 
at a time when strong, capable men were specially ng of ¢ 


the beginning of a period of rapid expansion. }; the 
only lived through this most interesting quarter-cey 
of development of the university, but contributed |; 
to the wise direction of that development. His} 


thor 
arch 



















though shortened by an untimely death, was a fulj D 
and a happy one; he enjoyed his work, his stuiggmme of t 
his associates, and his family. He has left an impa rece 
able record of achievement of which the Universi ie lege 
Wisconsin will ever be proud. T: 
Unis 

SCIENTIFIC NOTES AND NEWS & kaw 
Dr. Wurman Cross, from 1888 to 1925 gecigmme !°7° 
of the U. S. Geological Survey, and Professor Afmm °"2" 
Hoégbom, of the University of Upsala, have | Dr 
elected foreign members of the Geological Society at P: 
London. Professor F. X. Schaffer, University GM the | 
Vienna; Professor C. Schuchert, Yale Universi Socic 
Professor F. Slavik, University of Prague, and Dr. Dr 
QO. Ulrich, of the U. S. Geological Survey, have Wi .,..., 
elected foreign correspondents. for J 
Dr. Ropert A. MitiiKan, of the California lg tary 
tute of Technology, sailed for Geneva on July IMR for f 
attend a meeting of the Committee on Intellectual I Medi 
operation of the League of Nations. Pre 


Dr. W. D. Marruew, who recently resigned a3 3a point 
curator of the geological sciences in the Ame@™m™ Engit 
Museum of Natural History, has arrived in Benq succe 
to take up his work as professor of paleontology Ha mecti 
head of the department in the University of We 1, 
fornia. Manu 


A commission from the medical faculty of the 4M year: 
versity of Havana is visiting the United State iii Co.; 
Canada as the guest of the Rockefeller Foun(i Chem 
The commission includes the following: Dr. Sion, 
Ramos, dean and professor of biological che! Schle 
and chairman of the commission; Dr. Carlos Figg Secre 
professor of ophthalmology, representing the cle Wash 
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subjects in medicine. Dr. Finlay’s father was among 
the first to suspect that yellow fever was transmitted 
by the Stegomyia mosquito; Dr. Aristides Agramonte, 
who has been acting dean of the medical school and 
who was a member of the original yellow fever com- 
mission; Dr. Felix Martin, professor of the school 
of engineers and architects, who is in charge of plan- 
ning for the new medical buildings to be erected by 
the Cuban University. The commission will spend 







+ about eight weeks visiting medical institutions in the 
as : United States and Canada. 

Paut C. MIuuer, paleontologist in the Walker Mu- 
‘as and seum of the University of Chicago, has been made a 
ontimelime Knight of the Order of Danebrog by the King of 

Denmark. 

versity : 
> Unive Warren K. Mooreweap, director of the department 


ally neg of archeology at Phillips Academy, recently received 
n. Helm the honorary degree of doctor of science from Ogle- 
'ter-ceuilll® thorpe University, in recognition of work in American 


ng | archeology. 

. il Dr. Epwarp W. ARCHIBALD, director and professor 
3 stualimme of the surgical department of McGill University, was 
n impel recently made an honorary fellow of the Royal Col- 


Liversityimme lege of Physicians of London. 


Tue title of emeritus professor of anatomy in the 

University of London has been conferred on Professor 

EWS Edward Barelay-Smith as from the end of the session 
1926-27, when he retires from the university chair of 


> geol 
tht anatomy tenable at King’s College. 
have | Dr. Epwin Grant CONKLIN, professor of biology 


Society at Princeton University, has been elected a member of 
versity im the board of directors of the American Eugenics 
Jniverstime Society. 


and Dr Dr. H. H. Daue, head of the department of bio- 


have WE chemistry and pharmacology in the National Institute 

for Medical Research at Mount Vernon and a secre- 
rnia IWR tary of the Royal Society, has been nominated to be 
July I for five years a member of the General Council of 


lectual GW Medical Education and Registration. 


ProressoR Henry Louis, of Neweastle, was ap- 
ed asm pointed by the council of the Institution of Mining 
Ame’ Engineers at their summer meeting at Newcastle to 
n Bere succeed Dr. J. S. Haldane as president at the annual 
tology meeting in London in November. 


, of 
fy Tue following have been elected officers of the 


Manufacturing Chemists Association for the ensuing 
of the WE Year: President, Henry Howard, Grasselli Chemical 
State HR Co.; Vice-presidents, W. D. Huntington, Davidson 
oundal Chemical Co.; H. A. Galt, Columbia Chemical Divi- 
)r. SHE Sion, Pittsburgh Plate Glass Co.; Treasurer, Phillip 
chet Schleussner, Roessler & Hasslacher Chemical Co.; 
os Ti Secretary, John I. Tierney, 614 Investment Bldg., 
he WE Washington, D. ©. 
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Dr. E. W. Linpstrom, head of the genetics depart- 
ment of the Iowa State College at Ames, is sailing on 
August 5 for France to assist the directors of the 
European office of the International Education Board, 
particularly in their work in biology and agriculture. 
His address for the next twelve months will be: In- 
ternational Education Board, 20, rue de la Baume, 
Paris (8°), France. 


Proressor C. F. BAKER has resigned, to take effect 
in November, from the College of Agriculture at Los 
Banos, Laguna, P. I., with which institution he has 
been associated for many years. He expects to spend 
next year with one of the Pan-Pacific research com- 
mittees on the South Sea survey and thereafter will 
make headquarters at the University of Hawaii with 
President David Crawford. Arrangements have been 
made to house his large collection of natural history 
material at the Bishop Museum. 


Proressor C. W. Howarp, who for the past ten 
years has been working on the upbuilding of the silk 
industry of Southern China, is returning from Canton 
to this country as head of the department of biology 
at Wheaton College. A correspondent writes that 
beginning his work in the department of biology of 
the Canton Christian College, Professor Howard de- 
veloped the work in sericulture to such an extent that 
the Chinese government established the Kwongtung 
Provincial Bureau for the Improvement of Sericulture 
under his directorship. In response to the urging of 
the government officials, he will retain his connection 
with this work, returning to Canton for the summers 
for the next few years. 


Dr. WittiAM H. TALIAFERRO, professor of para- 
sitology, and Drs. Lucey Graves Taliaferro and Frances 
A. Coventry, research associates in the department 
of hygiene and bacteriology of the University of 
Chicago, have returned from a three months’ trip to 
Central America. Through the courtesy of the United 
Fruit Company they spent most of their time working 
on the serology and immunology of malaria and vari- 
ous intestinal worms at the hospital of the Tela Rail- 
road Company, in Tela, Honduras. Dr. Taliaferro 
has been invited to the school of tropical medicine of 
the University of Porto Rico as visiting professor of 
parasitology during the winter quarter of 1928. 


Proressor A. S. Hitcucock, curator of the grass 
herbarium of the U. S. National Museum, left Wash- 
ington on July 1 for two months’ field work on the 
Pacifie Coast, especially in the Olympic Mountains. 


Dr. W. O. RicHTMANN, professor of pharmacog- 
nosy at the University of Wisconsin and superinten- 
dent of the pharmaceutical garden of the Wisconsin 
Pharmaceutical Experiment Station, is abroad for a 
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three months’ tour. His principal object is to consult 
the British Museum and other libraries in connection 
with his study of the history of American medicinal 
plants and drugs. 


AT the Montana College and Experiment Station 
President A. Atkinson has been granted leave of ab- 
sence for study during the next college year. Dean 
and Director F. B. Linfield has been appointed act- 
ing president in his absence. Dr. Arnold H. John- 
son, assistant chemist in the station, has also been 
granted leave of absence for one year to accept a 
fellowship for study in Europe given by the Inter- 
national Education Board. 


ForEsTerRS and chemists from England, Australia, 
Sweden, Finland and Mexico, detailed recently to the 
U. S. Forest Products Laboratory of the University of 
Wisconsin, constitute the largest group of foreign 
research men ever gathered at the federal laboratory 
at one time. Included in the foreign research group 
are Wilhelm Rosen and Eric Ostlin, of the Seandi- 
navian-American Foundation; J. E. Cummins and 
H. S. Dadswell, of the Australian Council for Sci- 
entific eud Industrial Research; W. G. Campbell, of 
the Commonwealth (British) Foundation; Hermene- 
gildo Barrios, of Mexico, and Uno W. Lehtinen, of 
the Finnish State Forest Service. 


Dr. Harrison R. Hunt, head of the department 
of zoology and geology at the Michigan State Col- 
lege, is making a lecture tour through the west in 
the interests of the American Eugenics Society. He 
planned to lecture on eugenics and human heredity 
at the University of Omaha, Oregon State Normal 
School, State Normal School at Bellingham, Wash- 
ington, and the State Normal School at Ellensburg, 
Washington. 

Dr. Jack Cecit DruMMoND, professor of biochem- 
istry in University College, London, vice-dean of the 
faculty of medical science, is among those lecturing at 
the American Chemical Society Institute at the Penn- 
sylvania State College. 


Tue death is announced on May 15 of Dr. Edwin 
B. Payson, professor of botany in the University of 
Wyoming. 





UNIVERSITY AND EDUCATIONAL 
NOTES 

Yate UNIversity has received a bequest of more 
than $150,000 from the estate of General Charles H. 
Pine, formerly of Ansonia, which, together with a gift 
of General Pine’s made in 1913, brings the Charles H. 
Pine scholarship fund at Yale to a total of more than 
$215,000. 


[Vou. LXVI, No. 1699 


At the commencement exercises of the University of 
Maryland gifts were announced amounting to $150. 
000. The largest gift was from Captain Isaac 2 
Emerson, of Baltimore, who provided endowment fo; 
a professorship in the school of pharmacy and a f,. 
lowship in the school of medicine. The University of 
Maryland during the coming biennium will have 4]. 
most $1,000,000 for new buildings and improvement; 
from the state. 


THE University of London has received two gifts of 
£10,000 each, one from an anonymous donor and one 
from Messrs. Wander, Ltd., for the establishment oj 
a university chair of dietetics. 


Ir is announced at Columbia University that D;. 
Durward R. Jones, recently epidemiologist of the 
State Department of Health of South Dakota, will 
succeed Dr. Alton S. Pope as assistant professor of 
epidemiology, and that Dr. Adelaide Ross Smith, re. 
cently physician to the New York State Industrial 
Board, will succeed Assistant Professor Frank G. Ped- 
ley as associate professor of medicine in industrial 
hygiene. Dr. Smith will be in charge of the industrial 
department at the Vanderbilt Clinic of the College of 
Physicians and Surgeons. Dr. Pope is now epidemid- 
ogist of the Chicago Health Department, and Dr. 
Pedley will assume charge of the new department of 
industrial medicine at McGill University Medical 
School on August 1. 


Eric Ponper, M.D., Se.D., F.R.S., of Edinburgh, 
has been appointed associate professor of general 
physiology in New York University and will have 
charge of the courses in physiology in University Col- 
lege. He will also direct work in general physiology 
in the graduate school. 


Dr. Hersert O. CALvery, instructor in physiolog- 
ical chemistry at the Johns Hopkins Medical School, 
has been appointed assistant professor of physiolog- 
ical chemistry at the University of Michigan. 


Dr. D. A. Worcester has been appointed associate 
professor of educational psychology in the University 
of Nebraska. 


Dr. N. B. Dreyer, assistant professor of physiol: 
ogy, Dalhousie University Faculty of Medicine, has 
resigned to accept an appointment in the department! 
of pharmacology at McGill University Faculty o 
Medicine, Montreal. 





DISCUSSION 


MISUSE OF THE NAME “LEUCOSCOPE” 


I ask the privilege of your columns in order ‘ 
clarify a somewhat confused account of some work 
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of mine given in Walsh’s “Photometry,”* pp. 244-245. 
Since the same mistake has also been made by others 
heretofore and bids fair to become prevalent, it 
seems desirable to publish a correction. I do this not 
for the sake of finding fault, but to prevent in so far 
as possible, the continued spread of mistaken ideas 
in regard to the subject-matter in question. It is 
well known how errors once incorporated in a stand- 
ard text are copied and recopied without limit. 

The error in question is that the instrument desig- 
nated by Mr. Walsh as “The Leucoscope” is not the 
leucoscope, but the “rotary dispersion colorimetric 
photometer.” The pertinent facts are as follows: 

(1) The leucoseope is an instrument, the invention 
of which is commonly attributed to Helmholtz, about 
1870-80.2 It consists essentially of a quartz plate 
between a Wollaston prism and a nicol prism 
through which the observer views two images of the 
same source, 

(2) The instrument which Mr. Walsh describes, 
and calls “The Leucoscope” is properly called the 
“rotatory dispersion colorimetric photometer.”* I 
particularly object to naming it “Priest’s leucoscope” 
as is done in the index of Mr. Walsh’s book. It is 
a special form of the Arons Chromoseope* and its 
embryonic form may be seen in Zoellner’s color- 
imeter.5 My connection with this instrument has 
been to develop the theory and practice of its use in 
the colorimetry and photometry of incandescent 
sources and daylight, and to design an instrument 
especially suited to these purposes. 

(3) In principle, manner of use and specific pur- 
pose served, the two instruments are very different. 
About all that they have in common is the fact that 
they both contain nicol prisms and quartz plates and 
the cireumstance that I have written papers dealing 
with each of them separately. 

It seems unnecessary to use your space to set forth 


| in detail the distinctions between these two instru- 


ments. All confusion may be removed by consulting 


1J. W. T. Walsh, ‘‘Photometry,’’ Constable, London, 
1926, 

* There has been some slight controversy as to the rela- 
tive contributions of Helmholtz, and one of his pupils, 
Diro Kitao, to the development of the instrument. Edm. 
Rose (1863) deseribed an instrument which may be re- 
garded as the prototype of the leucoscope. A review of 
the history of the instrument and a full bibliography have 
been published in my paper on the leucoscope, Jour. Op. 
Soc, Am, 4, pp. 448-495, 1920. 

‘J. 0. 8. A. & R. 8. I. 7, folded insert facing p. 1199, 
December, 1923, 

‘Leo Arons, Ann. der Phy. (4) 89, pp. 545-568, 1912. 
_°d. C. F. Zoellner, ‘‘Photometrie des Himmels,’’ Ber- 
lin, 1861; G, Mueller, ‘‘Photometrie der Gestirne,’’ pp. 
244-254, Leipzig, 1897. 
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my papers which deal, respectively, with the two 
different instruments.® 
IRWIN G. PRIEST 


TADPOLES AS A SOURCE OF PROTOZOA 
FOR CLASSROOM USE 

In Science, Vol. 56, pp. 439-441, there appeared 
a note by Dr. R. W. Hegner on frog and toad tad- 
poles as sources of intestinal protozoa for teaching 
purposes. During the last four years the writer has 
examined hundreds of tadpoles for intestinal pro- 
tozoa, and is able to state that he has frequently 
found most of the species listed by Hegner in his 
paper, viz., Trichomonas augusta, Hexamitus intes- 
tinalis, Nyctotherus cordiformis, Opalina ranarum, 
Endamoeba ranarum, and Euglenamorpha hegneri, 
the latter an Euglena-like flagellate with three fiagella. 
Giardia agilis and Balantidium entozoon have never 
been observed by the writer. Euglena spirogyra, 
Phacus sp.? and several species of desmids and 
diatoms, which are normally free-living forms, are 
often present in large numbers in the rectum of tad- 
poles, in which habitat they appear to be little the 
worse for any contact they may have had with the 
digestive juices of their host. 

In addition to the protozoa enumerated by Hegner 
several other species have been more or less fre- 
quently eneountered. These are Chilomastix caul- 
leryi Alexeieff 1909, Mastigina hylae (Frenzel 1892) 
Goldschmidt 1907, and Endolimax ranarum Epstein 
and Ilowaisky 1914. 

Chilomastiz caulleryi is a flagellate which lives in 
the rectum of the tadpoles of Rana catesbiana and 
Rana clamata. It sometimes occurs, in large num- 
bers, but is likely to be overlooked among the more 
numerous representatives of the species Trichomonas 
augusta. Its morphology is practically identical with 
that of Chilomastix mesnili of man. Its larger size 
makes it more favorable for study than the human 
form. 

Mastigina hylae is a large and extremely interest- 
ing protozoon which belongs to the flagellate family 
Rhizomastigidae. Its most striking features are the 
prominent anterior nucleus and the constant active 
streaming of the protoplasm filled with remnants of 
the green algae and protozoa upon which it has fed. 
The small anterior flagellum is inconspicuous and 
will be overlooked unless carefully searched for. The 
writer has never seen in any other cell protoplasmic 
streaming so vigorous and continuous as in this form. 
For a more detailed description of this species the 
reader is referred to a paper by the writer in the 


6“*A New Study of the Leucoscope... ,’’ J. O. 8. A. 
4, pp. 448-495, November, 1920; ‘‘Colorimetry and Pho- 
tometry ... by the Method of Rotatory Dispersion,’’ 
J. O. 8. A. §& BR. 8. I. 7, pp. 1175-1209, December, 1923. 
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Journal of Parasitology for June, 1925. This pro- 
tozoon has been found in tadpoles of Rana catesbiana 
and R. clamata in New Jersey and in those of R. 
pipiens in Iowa. 

Endolimax ranarum is a smaller amoeba than 
Endamoeba ranarum, and is much less frequently 
encountered. Its nucleus is more or less typical of 
that of other members of the genus and careful stain- 
ing is required to bring it out. 

On the basis of the combined experiences of Dr. 
Hegner and those of the writer, we may confidently 
expect to find in our American tadpoles most of the 
following species of intestinal protozoa: (1) Opalina 
ranarum, (2) Nyctotherus cordiformis, (3) Balan- 
tidium entozoon (not observed by either Hegner or 
the writer), (4) Giardi agilis, (5) Trichomonas au- 
gusta, (6) Chilomastix caulleryi, (7) Hexamitus in- 
testinalis, (8) Euglenamorpha hegneri, (9) Mastigina 
hylae, (10) Endamoeba ranarum, and (11) Endo- 
limax ranarum. Trichomonas batrachorum and Poly- 
mastix bufonis are two other species which have been 
found in frogs and should be searched for in tad- 
poles. This formidable list of intestinal protozoa 
makes tadpoles invaluable for teachers in protozool- 
ogy and invertebrate zoology. 

The writer wishes also to eall the attention of bac- 
teriologists and microbiologists to a rather unusual 
bacterial flora which is sometimes encountered in the 
rectum of the tadpole. Large spirilla with a promi- 
nent spore at each end, bacilli of a crescentic shape 
with a prominent spore at each end, and other equally 
remarkable forms have been seen by the writer while 
making examinations of the contents of the rectum 
of tadpoles. 

Every R. BECKER 

Iowa STATE COLLEGE 


THE EFFECT OF ULTRAVIOLET RADIA- 
TIONS UPON SOY BEANS 

A series of experiments was performed to study 
the effect of ultraviolet radiations upon the subse- 
quent development of the soy bean. The full spec- 
trum of an air-cooled quartz mercury lamp was 
used in every case. The plants were kept under 
rigidly controlled conditions. 

The first outstanding result noted was that the 
longer the exposure the shorter the plant, that is, in 
successive experiments as the length of exposure was 
increased the internodes of the plant became shorter. 
The stems were very brittle and the leaf tissue very 
stiff and rigid. 

The internal changes were equally interesting. 
The stems of irradiated plants were approximately 
one and one half times as large in diameter as the 
control plants. There was also a reduction of the 
number of medullary rays in irradiated plants, so 
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that these plants tend to show that the meristemati. 
tissues remain active for a very much longer perio( 
of time than in the control plants. The cells of the 
medullary rays under ordinary conditions remaiy 
parenchymatous but in irradiated plants have gon 
further and developed into xylem and phloem. Fr. 
thermore, because of differential growth the stem; 
became hollow. 

A detailed report of the work will be prepare; 
later. The author wishes to express her apprecis. 
tion to Dr. W. J. G. Land and Dr. C. A. Shull fo 
their kind help and inspiration. 

H. Resecca Dane 
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IN 
FLORA OF BARRO COLORADO ISLAND, owil 
CANAL ZONE mmo 
RECENTLY there appeared in SCIENCE an account Me its 
of Barro Colorado Island.’ Visiting scientists work. B@etion. 
ing upon plants are concerned with the names of the mse a1 
species to be found on the island. All such worker monly 
will be interested in a list of plants of Barro Colorad Je was 
Island that has just been issued by the Smithsonian com) 
Institution. The author, Mr. Paul C. Standley; i@icren 
who spent a week on the island, has traveled exten. pre 
sively in Central America and has published several ing n: 
articles on the flora of these regions. The flora is anfiM@Pcing 
annotated list without keys or complete descriptions Mme had 
but the accompanying notes on common names, use: RMMETOSCo 
thes 





and prominent characters will be a great aid to thos 






























taking advantage of the facilities of the laboratory 1 OF 
on the island. he me 
Mr. Standley has also published a paper on {legime the c 
ferns of the island.* A flora of the Canal Zone by re} 
the same author is now in press. ch hui 
The bibliography of papers relating to Barro Col: Med, ex 
rado Island now includes over 50 titles. Know tf 
A. §. Hirencocr are be 

BUREAU OF PLANT INDUSTRY, fe whic 
WasuHineTon, D. C. 923, w 
comme 

A DAYLIGHT METEOR blish ¢ 

At a golf course on Warwick Neck, near Provigi™med tha 
dence, Rhode Island, I was ona fairway overlookimgi@@e to py 
Narragansett Bay about one o’clock in the afternougm™@e indi: 
of June 1, in brilliant sunlight when my cOumy to f: 
panion and I distinctly saw what seemed to be Sionwe; 
small meteorite dropping over the bay. It was fgM@@than w 
1 Kellogg, Vernon, ‘‘Barro Colorado Island Biologit eta ; 
Station,’’ ScreNcE 65: 535, 1927. dt 
2 Standley, Paul C., ‘‘The Flora of Barro Coloral Capita 
Island, Panama,’’ Smithsonian Miscellaneous Collecti#! Bical p 
78: No. 8, 1-32, 1927. B Specir 
8 Standley, Paul C., ‘‘The Ferns of Barro Colorsiq@MMels in { 
Island,’’ American Fern Journal 16: 112-120, 1926; MMBhe mys 
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owed by a train of sparks much like a spent rocket, 
bit originated too high to have been one. From 
pur position we could not see if it reached the water. 
hile it seemed to be only two or three miles away, 

realized that such appearances are deceptive. 
here was no sound accompanying the fall audible 
rom where we stood. 

WituiaM L. Bryant 

PARK MUSEUM 





QUOTATIONS 


HE NATIONAL MUSEUM OF AUSTRALIAN 
ZOOLOGY 


In 1924 the Federal Parliament of Australia, 
owing the fact that the unique native fauna of the 
mmonwealth was fast disappearing, and recogniz- 
¢ its importance to medical science, founded the 
ational Museum of Australian Zoology. It was a 
se and statesmanlike act, the full effect of which 
only now beginning to be seen. Dr. Colin Macken- 
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b was appointed director, with the title of professor 
comparative anatomy. It was a museum with a 
ference. In the previous year Professor Mackenzie 
1 presented to the commonwealth his specimens of 
ing native animals, together with the buildings and 
cing on the Research Reservation at Healesville. 

had given also his collection of macroseopie and 
roscopie specimens, numbering many thousands; 
1 these now form the basis of the museum collec- 
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n. Each specimen has a direct application to 
ne medical or surgical problem. Nothing quite 
the collection of normal histological preparations 
m reptiles, monotremes and marsupials, with 
ch human or other mammalian tissue can be com- 
ed, exists anywhere in the world, and we are glad 
know that illustrated atlases describing the collee- 
are being prepared for publication—a huge enter- 
se which has been begun not a day too soon. Early 
923, when commenting on the announcement that 
commonwealth government had passed an act to 
blish a Museum of Australian Zoology, we ob- 
ed that there was clearly an obligation on Aus- 
a to preserve a full series of specimens, since the 
e indigenous fauna of Australia seemed only too 
y to follow Tasmanian man to extinction. The 
nonwealth legislature has now gone rather fur- 
than we hoped, for it has not only allotted a site 
he National Museum of Australian Zoology at 
erra, the new capital of Australia, but the Fed- 
Capital Commission has provided a site for a 
gical park or reservation, in which will be kept 
B Specimens of Australian and Tasmanian native 
tls in their natural state. The area of the site 
he museum, laboratories and lecture theater is 
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about five and a half acres, in a magnificent situation 
on Action Hill, facing Parliament House. The re- 
search reservation or zoological park, containing 
about eighty acres, is on a peninsula bounded on two 
sides by the river Molonglo. The report of the Par- 
liamentary Standing Committee on Public Works, 
dealing with the construction of buildings, has now 
been published, authorizing for this purpose a sum 
approximating £100,000. The report has received 
the unanimous approval of the Federal Parliament, 
and the buildings, representing what is really the 
first stage in the establishment of the National Uni- 
versity of Australia, will be begun immediately. 
When the buildings are completed every facility will 
be offered to workers—not only Australian, but also 
from other countries—wishing to study comparative 
anatomy and its application to modern medical and 
surgical practice. The museum is now at Melbourne, 
but is to be moved to Canberra next year. To its 
original contents many important additions have re- 
cently been made, including the collection of speci- 
mens valued at £25,000 belonging to Dr. George 
Horne, of Melbourne, dealing with the Stone Age 
men of Australia, and also a collection of aboriginal 
skulls made by Dr. Arthur Nankivell, of Kerang. 
The museum also possesses the Froggatt entomological 
collection, and that of Mr. Murray Black dealing 
with the aborigines of South-East Victoria. The 
completely fossilized prehistoric Cohuna skull, to- 
gether with many other specimens of anthropological 
value, belong to the museum. The federal govern- 
ment of Australia is to be congratulated on its de- 
cision to establish a center for the advancement of 
comparative anatomy, which admittedly is the foun- 
dation of all the medical sciences. We may venture 
to express the hope that the lead now given by Pro- 
fessor Colin Mackenzie will encourage wealthy Aus- 
tralians to display a similar national spirit, and by ~ 
liberal endowments help on the necessary research 
work in the interests of humanity.—The British Med- 
ical Journal. 





SCIENTIFIC BOOKS 


The Internal Constitution of the Stars. By A. S. 
Epprneton, M.A., F.R.S., Cambridge; at the Uni- 
versity Press, 1926. 407 pp., 5 figures. 


Tue fundamental problem in astrophysics may be 
regarded as the construction of models which, obeying 
the well-established laws of theoretical physies, de- 
seribe the observed intrinsic properties of the stars. 
Thus there are stellar models which describe the for- 
mation of the observed spectra in reversing layer and 
chromosphere, models which describe the formation of 
binary stars by fission and the behavior of cepheid 
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variables and finally models which lead to relations 
between the mass, radius, luminosity and effective 
temperature of a star. Such stellar models, both as 
regards their field of usefulness in scientific thought 
as well as their frequent incompatibility with one 
another, are closely analogous to the various atomic 
models designed to describe the properties of matter. 
In astronomy, as well as in atomic physics, the value 
of a given model depends upon the range of facts 
quantitatively described, upon its powers of predic- 
tion and upon the small number of special postulates 
built into the model. 

It is now some ten years since the appearance of 
Eddington’s first paper on the interior of a star. The 
general theory therein developed and the model 
adopted furnished a successful description of the stars 
as then known. The development by Kramers, from 
the correspondence principle, of an expression for 
the mass coefficient of absorption permitted Edding- 
ton in 1924 greatly to improve his model and to pre- 
dict the mass-luminosity relation. This prediction 
and its verification have profoundly modified astro- 
nomical conceptions of stellar evolution. At the same 
time, Eddington’s theory has reacted upon modern 
atomie physics and has inspired numerous important 
investigations on the physics of matter at high tem- 
peratures, notably the work of Eggert (which led to 
Saha’s important theory) and the recent investiga- 
tions of R. H. Fowler. Astronomers and physicists 
both, then, will weleome the present volume in which 
Eddington gives a systematic development of the 
whole theory. 

The general treatment may be outlined in the fol- 
lowing manner: Given a mass of gas under its own 
gravitational attraction, the internal distribution of 
density, pressure and temperature may be derived 
from the equation of state of the gas and the require- 
ments of mechanical and thermal equilibrium. The 
condition of mechanical equilibrium requires that the 
total pressure (gas pressure+radiation pressure) 
at any internal point balances the weight of the 
overlying layers, and is expressed by the well- 
known differential equation of hydrostatics. The con- 
dition of thermal equilibrium requires that the flow 
of heat does not disturb the internal distribution of 
temperature, but to formulate the differential equa- 
tion it is necessary to know the mode of heat trans- 
fer. Schwarzschild has shown that this transfer in 
the outer layers of the sun is by radiation rather 
than convection, and Eddington has shown that con- 
vection currents can in fact be only maintained at the 
expense of their own mechanical energy and so must 
die out. Granting that heat transfer is by radiation, 
the well-known differential equation of radiative 
equilibrium may be derived from elementary consid- 
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erations, and this equation, Eddington has show, 
accurate to a high order of approximation. a 
To integrate these differential equations, it is yo, 
necessary to make certain assumptions, or in othe 
words to adopt a definite stellar model. Eddingty 
assumes that the star consists of a perfect gas of q, 
stant molecular weight in which the product 1 jj 
invariable throughout the interior. Here 7 is 4 
ratio of the average liberation of energy per grp 
within any sphere of radius r to the average lib, 
tion of energy per gram in the whole star, and }; 
the mass-coefficient of absorption. On this model a 
without difficult quadratures it is possible to arrive di ap 
two important results—firstly, that the ratio of radi Lath 
tion pressure to gas pressure throughout the star; er, 
eonstant and a function of the stellar mass; » 
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secondly, that for stars of the same mass the lumingii ‘a 
ity varies inversely as 1 k. A detailed solution Ry by 
quadratures, integrating from within outwards, as bnion 
ried through first by Emden, gives the internal i — 
tribution of density, pressure and temperature, } d qu: 
involves as an unknown constant the mean molecljgi mo. 
weight. The mean molecular weight of course WBMP), 
pends upon the degree of ionization in the inten... ,; 
which in turn depends upon the temperature and px aetikal 
sure. A solution by trial and error indicates a mol we 
ular weight of 2.1 which is adopted for subsequ Sak 
work. Accord'ngly when the model star is of | A eidtt 
same mass and radius as our sun, its central den wit 
turns out to be 76 gms. per cu. em. and its cei, a 
temperature forty million degrees. Finally, Kram... ;. 
law of absorption is introduced, and this, by vit be ba 
of the constant proportionality throughout the mo rinoait 
of the density to the cube of the temperature, red y obey 
to the form that the absorption coefficient varie prey p 
versely as the square root of the temperature. Itt m th ‘ 
ducing this result into the relation italicized abv postul 
the mass luminosity relation’ is reached— the m 
log (Luminosity) = a (Mass) hs) 
a ees, 
+ Cons#ith geolc 
absorption law), and this is fixed from the of si 
luminosity and effective temperature of a single’ Edding 
(Capella). It is then found that all thirty-9gggges whict 
stars of known mass and luminosity, both giants mmm @bsurd 
dwarfs, lie on Eddington’s mass-luminosity “ ue sot 
Of the several quantitative predictions fuss an 
by Eddington’s model, none is more striking oF? away ¢ 
general than this relation that the luminosity @ij¥estion 
star, apart from a small factor depending up0! Rm Surce 
surface temperature, is a single-valued functiolfM™Ps of th 
its mass. The relation contains but one disp $28 
mass 


constant (the proportionality constant of Kr! 
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ith an average residual of the order of half a mag- 
‘tude. It is at first sight paradoxical that a “perfect 
Loy »s” model should accurately predict the luminosity 
othe dwarf stars with a mean density as high as that 
nine copper. The paradox is, however, removed if 
ddington’s model be regarded as giving an accept- 
ble picture of the actual interior of a star. In that 
ent we must regard the stellar interior as being 
ighly ionized so that the stellar “molecules” (frce 
ectrons and atoms ionized down to the K shell) have 
it one millionth the volume of terrestrial molecules. 
he equation of state for a perfect gas will therefore 
» applicable in the actual stellar interior at mean 
snsities comparable with that of platinum. More- 
er, we may qualitatively predict the possible ex- 
tence of stars with mean densities for in excess 
terrestrial experience—a prediction recently veri- 
od by the “white dwarfs” of which one, the com- 
nnion of Sirius, has a mean density of sixty-one 
ousand grams per cubic centimeter. Quantitatively 
d qualitatively a veritable triumph for the Edding- 
mn model! : 

The model, as so far detailed, predicts that for 
ars of the same mass any surface temperature or 
ectral type is equally probable. The facts are, 
wever, that the stars fall into a Russell diagram 
hich must now be described as a reversed figure Z 
nsisting of three branches—the giant, main sequence 
d white dwarf branch. Along the main sequence, 
hich contains by far the greatest number of stars, 
pre is a very definite relation between spectral 
pe, on the one hand, and mass, or equivalent 
uinosity, on the other. Eddington’s model will 
ly obey a relation of this kind if the liberation of 
ergy per gram rapidly decreases from star to star 
vn the main sequence. We are, therefore, forced 
postulate an unknown source of energy, and one 
the most interesting and stimulating chapters in 
book under review is concerned with a very full 
cussion of the nature of this source and the cause 
its variation. A survey of the possible sources, 
m the viewpoint of the time-scale demanded by 
h geologists and astronomers, indicates that some 
of subatomic energy is required. The difficulty 
Eddington’s model, however, is that the tempera- 
es Which stimulate and control this subatomic source 
absurdly low. It would seem as if the only sub- 
i¢ source compatible both with contemporary 
sics and Eddington’s model is C. T. R. Wilson’s 
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g ord away electron,” a not very encouraging prospect. 
sity @melvestion of interest to the astronomer is whether 
upol source vr sources form a large fraction of the 








ss of the star. It is only in this event that any 
ortant evolution, which can only result from a 
of mass, is possible in the life history of the star. 
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Quite apart from any stellar model, and accepting the 
mass-luminosity law as a purely empirical relation, 
Trumpler’s recent observations of the coexistence in 
open, and presumably old, clusters of massive stars 
of types B, F, G, coeval with ordinary dwarfs of 
types F and G, seem to preclude the possibility of 
such evolution in these clusters. Eddington says, “it 
seems almost necessary to throw over the idea of any 
important advance in evolution in the life-time of 
the clusters, and it then becomes a question whether 
there is any point in retaining the idea for stars in 
general’”—a statement which should commend itself 
to the conservative astronomer. 

The general plan of the book, which discusses these 
and many other problems, is firstly to lay the foun- 
dations of thermodynamies and the quantum theory 
and then to proceed step by step in, roughly speak- 
ing, an historical order, through the whole theory. In 
this way are discussed in successive chapters Emden’s 
quadratures of the differential equations for various 
polytropes, the derivation of the equation of radiative 
equilibrium, the solution of the equations with a de- 
tailed justification of the various assumptions in- 
cluded in the model, the mass-luminosity law and the 
problem of Cepheid and other variable stars. Chap- 
ter IX deals with the coefficient of opacity, and here 
Eddington’s model encounters its second principal 
difficulty, the other difficulty, of course, having to do 
with sources of energy. Kramers’ theory gives the 
following expression for the mass coefficient of ab- 
sorption : 


log (IKK)=log (Density)—log (Molecular Weight) 


7 
7 log (Temperature)+ Constant. 


The numerical value of the constant is predicted by 
theory and satisfactorily verified by laboratory experi- 
ments with X-rays. This is the same constant, how- 
ever, which was disposable in Eddington’s model, and 
for which an astronomical value was obtained. The 
astronomical value exceeds the theoretical one, veri- 
fied by terrestrial experiment, by a factor of ten. 
Eddington’s thorough discussion of the whole problem 
reveals no adequate explanation of this discrepancy. 
Subsequent chapters discuss ionization and diffusion 
in the star, sources of energy, models for the outside 
of the star (largely due to Milne) and finally diffuse 
matter in space. Special mention should be made of 
the treatment of diffusion and von Zeipel’s general 
theorem on a rotating star. If these theories which 
are applicable to all models can be successfully de- 
fended they rule out of court models, such as those 
recently proposed by Jeans, in which there is a con- 
centration towards the stellar center of the heavier 
elements. 

The book is written with Eddington’s characteris- 
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tic clarity and abounds in happy and stimulating 
allusions. It can not fail to suggest to every serious 
reader numerous subjects for further observational 
and theoretical investigation. In future editions the 
value of the book would be enhanced for the reviewer, 
and possibly also for other observational astronomers 
of slender mathematical attainments, by the interpo- 
lation of a chapter between III and IV giving a brief 
and as nearly as possible self-contained mathematical 
development of the whole theory. Reference could 
then be made forward from this chapter to the sub- 
sequent chapters, which would retain much their 
present form, for a detailed discussion of the various 
assumptions, for the quadrature of the differential 
equations, for the discussion of the opacity law and so 
on. I do not believe that such an interpolation would 
seriously interfere with the logical treatment of the 
theory, and it is conceivable that it might eliminate 
some of the many cross references, forwards and back- 
wards, which are essential with the present arrange- 
ment. 
H. H. PLAskerr 
DOMINION ASTROPHYSICAL OBSERVATORY, 
VictToriA, B. C. 





ARTIFICIAL TRANSMUTATION OF 
THE GENE 


Most modern geneticists will agree that gene muta- 
tions form the chief basis of organic evolution, and 
therefore of most of the complexities of living things. 
Unfortunately for the geneticists, however, the study 
of these mutations, and, through them, of the genes 
themselves, has heretofore been very seriously ham- 
pered by the extreme infrequency of their occurrence 
under ordinary conditions, and by the general unsuc- 
cessfulness of attempts to modify decidedly, and in a 
sure and detectable way, this sluggish “natural” muta- 
tion rate. Modification of the innate nature of or- 
ganisms, for more directly utilitarian purposes, has 
of course been subject to these same restrictions, and 
the practical breeder has hence been compelled to re- 
main content with the mere making of recombinations 
of the material already at hand, providentially supple- 
mented, on rare and isolated occasions, by an unex- 
pected mutational windfall. To these circumstances 
are due the wide-spread desire on the part of biolo- 
gists to gain some measure of control over the heredi- 
tary changes within the genes. 

It has been repeatedly reported that germinal 
changes, presumably mutational, could be induced by 
X or radium rays, but, as in the case of the similar 
published claims involving other agents (alcohol, lead, 
antibodies, etc.), the work has been done in such a 
way that the meaning of the data, as analyzed from 
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a modern genetic standpoint, has been highly dispy, 
tatious at best; moreover, what were apparently thy 
clearest cases have given negative or contrary res}, 
on repetition. Nevertheless, on theoretical grounds j 
has appeared to the present writer that radiation; yj 
short wave length should be especially promising {y 
the production of mutational changes, and for thi 
and other reasons a series of experiments concery 
with this problem has been undertaken during tl 
past year on the fruit fly, Drosophila melanogasig 
in an attempt to provide critical data. The wel 
known favorableness of this species for genetic stuiy 
and the special methods evolved during the writer 
eight years’ intensive work on its mutation rate (i. 
cluding the work on temperature, to be referred 4 
later), have finally made possible the finding of soy 
decisive effects, consequent upon the application ¢ 
X-rays. The effects here referred to are truly mut 
tional, and not to be confused with the well-knom 
effects of X-rays upon the distribution of the ch» 
matin, expressed by non-disjunction, non-inheritd 
crossover modifications, ete. In the present condens 
digest of the work, only the broad facts and condi 
sions therefrom, and some of the problems raised, « 
be presented, without any details of the genetic met 
ods employed, or of the individual results obtained 
It has been found quite conclusively that treatne 
of the sperm with relatively heavy doses of X-rays u 
duces the occurrence of true “gene mutations” in| 
high proportion of the treated germ cells. Seva 
hundred mutants have been obtained in this way 1! 
short time and considerably more than a hundred 
the mutant genes have been followed through thr 
four or more generations. They are (nearly allt 
them, at any rate) stable in their inheritance, 2 
most of them behave in the manner typical of ! 
Mendelian chromosomal mutant genes found in & 
ganisms generally. The nature of the crosses \ 
such as to be much more favorable for the detecti 
of mutations in the X-chromosomes than in the ot 
chromosomes, so that most of the mutant genes (ej 
with were sex-linked; there was, however, ample pn 
that mutations were occurring similarly through 
the chromatin. When the heaviest treatment was i" 
to the sperm, about a seventh of the offspring ‘ 
hatched from them and bred contained individu?! 
detectable mutations in their treated X-chromos0® 
Since the X forms about one fourth of the hap" 
chromatin, then, if we assume an equal rate of m! 
tion in all the chromosomes (per unit of their leng" 
it follows that almost “every other one” of thie s}# 
cells capable of producing a fertile adult contall 
an “individually detectable” mutation in some chr! 
some or other. Thousands of untreated parent 
were bred as controls in the same way as the tre 
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ones. Comparison of the mutation rates under the 
two sets of conditions showed that the heavy treatment 
had caused a rise of about fifteen thousand per cent. 
in the mutation rate over that in the untreated germ 
cells. 

Regarding the types of mutations produced, it was 
found that, as was to have been expected both on 
theoretical grounds and on the basis of the previous 
mutation studies of Altenburg and the writer, the 
lethals (recessive for the lethal effect, though some 
were dominant for visible effects) greatly outnum- 
bered the non-lethals producing a visible morpholog- 
ical abnormality. There were some “semi-lethals” 
also (defining these as mutants having a viability or- 
dinarily between about 0.5 per cent. and 10 per cent. 
of the normal), but, fortunately for the use of lethals 
as an index of mutation rate, these were not nearly so 
numerous as the lethals. The elusive class of “in- 
visible” mutations that caused an even lesser reduc- 
tion of viability, not readily confusable with lethals, 
appeared larger than that of the semi-lethals, but they 
were not subjected to study. In addition, it was also 
possible to obtain evidence in these experiments for 
the first time, of the occurrence of dominant lethal 
genetic changes, both in the X and in the other chro- 
mosomes. Since the zygotes receiving these never de- 
veloped to maturity, such lethals could not be de- 
tected individually, but their number was so great 
that through egg counts and effects on the sex ratio 
evidence could be obtained of them en masse. It was 
found that their numbers are of the same order of 
magnitude as those of the recessive lethals. The “par- 
tial sterility” of treated males is, to an appreciable ex- 
tent at least, caused by these dominant lethals. An- 
other abundant class of mutations not previously 
recognized was found to be those which, when hetero- 
zygons, cause sterility but produce no detectable 
change in appearance; these too occur in numbers 
rather similar to those of the recessive lethals, and 
they may hereafter afford one of the readiest indices 
of the general mutation rate, when this is high. The 
sterility thus caused, occurring as it does in the off- 
spring of the treated individuals, is of course a sepa- 
rate phenomenon from the “partial sterility” of the 
treated individuals themselves, caused by the dominant 
lethals. 

In the statement that the proportion of “individu- 
ally detectable mutations” was about one seventh for 
the X, and therefore nearly one half for all the chro- 
matin, only the recessive lethals and semi-lethals and 
the “visible” mutants were referred to. If the domi- 
nant lethals, the dominant and recessive sterility genes 
and the “invisible” genes that merely reduce (or 
otherwise affect) viability or fertility had been taken 
Into account, the percentage of mutants given would 
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have been far higher, and it is accordingly evident 
that in reality the great majority of the treated sperm 
cells contained mutations of some kind or other. It 
appears that the rate of gene mutation after X-ray 
treatment is high enough, in proportion to the total 
number of genes, so that it will be practicable to study 
it even in the case of individual loci, in an attack on 
problems of allelomorphism, ete. 

Returning to a consideration of the induced muta- 
tions that produced visible effects, it is to be noted that 
the conditions of the present’ experiment allowed the 
detection of many which approached or overlapped 
the normal type to such an extent that ordinarily they 
would have escaped observation, and definite evidence 
was thus obtained of the relatively high frequency of 
such changes here, as compared with the more con- 
spicuous ones. The belief has several times been ex- 
pressed in the Drosophila literature that this holds 
true in the case of “natural” mutations in this or- 
ganism, but it has been founded only on “general im- 
pressions”; Baur, however, has demonstrated the truth 
of it in Antirrhinum. On the whole, the visible muta- 
tions caused by raying were found to be similar, in 
their general characteristics, to those previously de- 
tected in non-rayed material in the extensive observa- 
tions on visible mutations in Drosophila carried out 
by Bridges and others. A considerable proportion of 
the induced visible mutations were, it is true, in loci 
in which mutation apparently had never been observed 
before, and some of these involved morphological 
effects of a sort not exactly like any seen previously 
(e.g., “splotched wing,” “sex-combless,” ete.), but, on 
the other hand, there were also numerous repetitions 
of mutations previously known. In fact, the majority 
of the well-known mutations in the X-chromosome of 
Drosophila melanogaster, such as “white eye,” “minia- 
ture wing,” “forked bristles,” ete., were reobtained, 
some of them several times. Among the visible muta- 
tions found, the great majority were recessive, yet 
there was a considerable “sprinkling” of dominants, 
just as in other work. All in all, then, there ean be 
no doubt that many, at least, of the changes produced 
by X-rays are of just the same kind as the “gene mu- 
tations” which are obtained, with so much greater 
rarity, without such treatment, and which we believe 
furnish the building blocks of evolution. 

In addition to the gene mutations, it was found that 
there is also caused by X-ray treatment a high propor- 
tion of rearrangements in the linear order of the 
genes. This was evidenced in general by the frequent 
inherited disturbances in crossover frequency (at least 
3 per cent. were detected in the X-chromosome alone, 
many accompanied but some unaccompanied by lethal 
effects), and evidenced specifically by various cases 
that were proved in other ways to involve inversions, 
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“deficiencies,” fragmentations, translocations, ete., of 
portions of a chromosome. These cases are making 
possible attacks on a number of genetic problems 
otherwise difficult of approach. 

The transmuting action of X-rays on the genes is 
not confined to the sperm cells, for treatment of the 
unfertilized females causes mutations about as readily 
as treatment of the males. The effect is produced 
both on odcytes and early odgonia. It should be 
noted especially that, as in mammals, X-rays (in the 
doses used) cause a period of extreme infertility, 
which commences soon after treatment and later is 
partially recovered from. It can be stated positively 
that the return of fertility does not mean that the new 
crop of eggs is unaffected, for these, like those mature 
eggs that managed to survive, were found in the pres- 
ent experiments to contain a high proportion of mu- 
tant genes (chiefly lethals, as usual). The practice, 
common in current X-ray therapy, of giving treat- 
ments that do not certainly result in permanent sterili- 
zation, has been defended chiefly on the ground of‘a 
purely theoretical conception that eggs produced after 
the return of fertility must necessarily represent “un- 
injured” tissue. As this presumption is hereby demon- 
strated to be faulty it would seem incumbent for medi- 
cal practice to be modified accordingly, at least until 
genetically sound experimentation upon mammals can 
be shown to yield results of a decisively negative char- 
acter. Such work upon mammals would involve a 
highly elaborate undertaking, as compared with the 
above experiments on flies. 

From the standpoint of biological theory, the chief 
interest of the present experiments lies in their bear- 
ing on the problems of the composition and behavior 
of chromosomes and genes. Through special genetic 
methods it has been possible to obtain some informa- 
tion concerning the manner of distribution of the 
transmuted genes amongst the cells of the first and 
later zygote generations following treatment. It is 
found that the mutation does not usually involve a 
permanent alteration of all of the gene substance pres- 
ent at a given chromosome locus at the time of treat- 
ment, but either affects in this way only a portion of 
that substance, or else occurs subsequently, as an 
after-effect, in only one of two or more descendant 
genes derived from the treated gene. An extensive 
series of experiments, now in project, will be neces- 
sary for deciding conclusively between these two pos- 
sibilities, but such evidence as is already at hand 
speaks rather in favor of the former. This would 
imply a somewhat compound structure for the gene 
(or chromosome as a whole) in the sperm cell. On 
the other hand, the mutated tissue is distributed in a 
manner that seems inconsistent with a general appli- 
cability of the theory of “gene elements” first sug- 
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gested by Anderson in connection with variegated 
pericarp in maize, then taken up by Eyster, and re. 
cently reenforeced by Demerec in Drosophila virilis, 

A precociously doubled (or further multiplied) con- 
dition of the chromosomes (in “preparation” for later 
mitoses) is all that is necessary to account for the 
above-mentioned fractional effect of X-rays on a given 
locus; but the theory of a divided condition of each 
gene, into a number of (originally identical) “ele- 
ments” that can become separated somewhat indeter- 
minately at mitosis, would lead to expectations differ- 
ent from the results that have been obtained in the 
present work. It should, on that theory, often have 
been found here, as in the variegated corn and the 
eversporting races of D. virilis, that mutated tissue 
gives rise to normal by frequent “reverse mutation”; 
moreover, treated tissues not at first showing a muta- 
tion might frequently give rise to one, through a “sort- 
ing out” of diverse elements, several generations after 
treatment. Neither of these effects was found. As 
has been mentioned, the mutants were found to be 
stable through several generations, in the great ma- 
jority of cases at least. Hundreds of non-mutated 
descendants of treated germ cells, also, were carried 
through several generations, without evidence appear- 
ing of the production of mutations in generations sub- 
sequent to the first. Larger numbers will be desirable 
here, however, and further experiments of a different 
type have also been planned in the attack on this 
problem of gene structure, which probably can be an- 
swered definitely. 

Certain of the above points which have already been 
determined, especially that of the fractional effect of 
X-rays, taken in conjunction with that of the produc- 
tion of dominant lethals, seem to give a clue to the 
especially destructive action of X-rays on tissues in 
which, as in cancer, embryonic and epidermal tissues, 
the cells undergo repeated divisions: (though the oper- 
ation of additional factors, ¢.g., abnormal mitoses, 
tending towards the same result, is not thereby pre- 
cluded) ; moreover, the converse effect of X-rays, in 
oceasionally producing cancer, may also be associated 
with their action in producing mutations. It would 
be premature, however, at this time to consider in de- 
tail the various X-ray effects previous!y considered as 
“physiological,” which may now receive a possible in- 
terpretation in terms of the gene-transmuting prop- 
erty of X-rays; we may more appropriately confine 
ourselves here to matters which can more strictly be 
demonstrated to be genetic. 

Further facts concerning the nature of the gene 
may emerge from a study of the comparative effects 
of varied dosages of X-rays, and of X-rays adminis- 
tered at different points in the life cycle and under 
varied conditions. In the experiments herein re- 
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rted, several different dosages were made use of, 
and while the figures are not yet quite conclusive they 
make it probable that, within the limits used, the num- 
ber of recessive lethals does not vary directly with the 
X-ray energy absorbed, but more nearly with the 
square root of the latter. Should this lack of exact 
proportionality be confirmed, then, as Dr. Irving 


‘Langmuir has pointed out to me, we should have to 


conclude that these mutations are not caused directly 
by single quanta of X-ray energy that happen to be 
absorbed at some critical spot. If the transmuting 
effect were thus relatively indirect there would be a 
greater likelihood of its being influenceable by other 
physico-chemical agencies as well, but our problems 
would tend to become more complicated. There is, 
owever, some danger in using the total of lethal mu- 
tions produced by X-rays as an index of gene muta- 


“tions occurring in single loci, for some lethals, involv- 


ing changes in crossover frequency, are probably asso- 
iated with rearrangements of chromosome regions, 
and such changes would be much less likely than 
‘point mutations” to depend on single quanta. A re- 
examination of the effect of different dosages must 
therefore be carried out, in which the different types 
pf mutations are clearly distinguished from one an- 
pther. When this question is settled, for a wide range 
bf dosages and developmental stages, we shall also be 
n a position to decide whether or not the minute 
mounts of gamma radiation present in nature cause 
he ordinary mutations which occur in wild and in cul- 
ivated organisms in the absence of artificially admin- 
stered X-ray treatment. 
_ As a beginning in the study of the effect of varying 
ther conditions, upon the frequency of the mutations 
broduced by X-rays, a comparison has been made be- 
veen the mutation frequencies following the raying 
f sperm in the male and in the female receptacles, 
nd from germ cells that were in different portions of 
he male genital system at the time of raying. No de- 
isive differences have been observed. It is found, in 
idition, that aging the sperm after treatment, before 
rtilization, causes no noticeable alteration in the fre- 
eney of detectable mutations. Therefore the death 
hte of the mutant sperm is no higher than that of 
he unaffected ones; moreover, the mutations can not 
P regarded as secondary effects of any semi-lethal 
ysiological changes which might be supposed to 
Ave occurred more intensely in some (“more highly 
isceptible”) spermatozoa than in others. 

Despite the “negative results” just mentioned, how- 
jer, it is already certain that differences in X-ray in- 
hences, by themselves, are not sufficient to account 
r all variations in mutation frequency, for the pres- 
t X-ray work comes on the heels of the determina- 
n of mutation rate being dependent upon tempera- 
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ture (work as yet unpublished). This relation had 
first been made probable by work of Altenburg and 
the writer in 1918, but was not finally established until 
the completion of some experiments in 1926. These 
gave the first definite evidence that gene mutation may 
be to any extent controllable, but the magnitude of the 
heat effect, being similar to that found for chemical 
reactions in general, is too small, in connection with 
the almost imperceptible “natural” mutation rate, for 
it, by itself, to provide a powerful tool in the muta- 
tion study. The result, however, is enough to indicate 
that various factors besides X-rays probably do affect 
the composition of the gene, and that the measurement 
of their effects, at least when in combination with 
X-rays, will be practicable. Thus we may hope that 
problems of the composition and behavior of the gene 
can shortly be approached from various new angles, 
and new handles found for their investigation, so that 
it will be legitimate to speak of the subject of “gene 
physiology,” at least, if not of gene physies and chem- 
istry. 

In conclusion, the attention of those working along 
classical genetic lines may be drawn to the opportu- 
nity, afforded them by the use of X-rays, of creating 
in their chosen organisms a series of artificial races 
for use in the study of genetic and “phaenogenetic” 
phenomena. If, as seems likely on general considera- 
tions, the effect is common to most organisms, it should 
be possible to produce, “to order,” enough mutations 
to furnish respectable genetic maps, in their selected 
species, and, by the use of the mapped genes, to ana- 
lyze the aberrant chromosome phenomena simultane- 
ously obtained. Similarly, for the practical breeder, 
it is hoped that the method will ultimately prove use- 
ful. The time is not ripe to diseuss here such possi- 
bilities with reference to the human species. 

The writer takes pleasure in acknowledging his sin- 
cere appreciation of the cooperation of Dr. Dalton 
Richardson, Roentgenologist, of Austin, Texas, in the 
work of administering the X-ray treatments. 

H. J. MULLER 

UNIVERSITY OF TEXAS 





SCIENTIFIC APPARATUS AND 
LABORATORY METHODS 


AN INSTRUMENT FOR REPEATED DETER- 
MINATIONS OF BLOOD VISCOSITY 
IN AN ANIMAL} 
IN experiments where it is desirable to make re- 
peated determinations of the viscosity of the blood 
of an animal, the withdrawal of the amount of blood 


1 From the Physiological Laboratories of the University 
of Chicago and the University of Western Ontario, Lon- 
don, Canada. 
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for the determinations and its replacement by fluid 
of less viscosity from the tissues causes a progressive 
diminution in the viscosity of the blood. 

In order to make viscosity determinations without 
withdrawal of blood from the animal, the instrument 
to be described here was constructed. 


DESCRIPTION OF THE INSTRUMENT 
Figure (1) shows a semi-diagrammatic representa- 












































Fig. 1 


tion of the instrument; “A” is a glass bulb of ap- 
proximately 10 ¢.c. capacity and is clamped between 
two metal plates “B” and “C” by means of rods “D” 
and “D,”. Two rubber washers “E” and “E,” placed 
between the ends of the glass bulb and the metal 
plates insure a tight joint. Leading from the lower 
end of the bulb through the metal plate “B” are two 
openings, the one leading into an arterial cannula “F”’ 
and the other into a glass tube “G” of fine capillary 
bore and shaped at the free end to facilitate tieing 
into a vein. A hole continuous with that of the 
upper end of the bulb passes through the upper plate. 
Above the upper plate “C” is a similar plate “H” 
held in place by a central screw and capable of being 
rotated upon plate “C.” The movable plate has two 
openings “I” and “J”; by rotating the movable plate 
on the stationary one, one or the other of the open- 
ings is placed over the hole in the stationary plate 
leading into the upper end of the glass bulb. One 
of the openings in the movable plate is connected to 
a rubber tube through which a definite pressure equal 
to that in the arterioles of the animal can be applied. 
The pressure is supplied from the air line and regu- 
lated by means of a mercury valve. The other open- 
ing in the movable plate is fitted with a release valve 
“K” with spring “K,” so that air may be allowed to 
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escape from the bulb as it is being filled with blood: 
a small handle “O” is fastened to the moving plat 
to facilitate rotating it in bringing either opening 


over the upper end of the glass bulb. A rod “L’ 


clamp the instrument in place is attached to the uppe 
stationary plate and from this a support “M” pass 
down to the capillary tube “G.” An insulated te. 
minal “N” with a projecting arm is attached to th 
supporting rod, so that a platinum point on the ey 
of the arm just comes in contact with a similar pojyt 
on the handle of the rotating plate when the hok 
connected with the air line is directly over the uppe 
opening of the glass bulb. This insulated termin 
and the frame of the instrument is connected in serig 
with a dry cell and a signal magnet. A time clo 
is made to write on the drum above the signal magne, 


METHOD OF USE 


After anesthetizing the animal and injecting suf- 
cient heparin to make the blood incoagulable, th 
carotid artery and external jugular vein are exposed, 
The arterial cannula is then inserted into the artey 
on which a bull dog is placed and the vein prepare 
for insertion of the capillary tube. After openiy 
the release valve “K” and having the revolving plat 
in position so that this opening is directly over tk 
upper end of the glass bulb, the bull dog is removel 
from the artery and the blood allowed to displace th 
air in the bulb upward until the latter is complete 
filled with blood, the release valve is then closei 
With the blood filling the glass bulb and the eapillan 
tube, the free end of the latter is tied into the exter! 
jugular vein. The pressure with which the blo 
enters the bulb “A” is sufficient to insure its circult 
tion in all parts of the bulb, after which it retumi 
to the external jugular vein by way of the capillan 
tube “G.” A determination may now be taken # 
any time. 

Viscosity determinations are carried out as {0 
lows: The bull dog is first replaced on the artery ail 
then the movable plate is quickly rotated by meal 
of the handle “O” until the tube carrying the i! 
pressure is directly over the upper opening in th 
glass bulb; thus a pressure equal to that in 
arterioles is exerted upon the blood and it is fored 
out of the bulb into the venous side of the circilt 
tion. When the blood reaches the mark “P” on 
lower neck of the bulb, the rotating plate is quiti! 
moved back to its former position, the release val* 
“K” is opened and the clamp again removed fr 
the artery. This allows the bulb to again fill w! 
blood and the latter to circulate through the inst 
ment. During the time the blood is being driven ™ 
of the bulb by means of air pressure, the arm of ¥ 
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lod: insulated terminal “N” is in contact with the metal VIABILITY 
Dh handle of the movable plate; this makes an electrical According to McDonald! (1922) the trophozoites 
~ ontact and the signal magnet records the time taken of Balantidium of the pig become spherical when the 
" BiMfor the blood to be driven through ie capillary: tube intestinal contents are cooled to room temperature. 
bic nder a known pressure. This time when compared MeDonald also states that they live at room tempera- 
passes HS ith that required for water under the same pressure FEES POLIS» A Ny eR STL 
1 ter ‘vos the relative viscosity of the blood S S ; ily 
ohare. i sees age a ead thermos bottle was used to carry the material to the 
- It 1s a a rv req aia " nee ria laboratory from the packing plant. No appreciable 
wl may be taken withou tmegasic aioe re o0¢ rounding was noted when the organisms were ex- 
of the animal. ‘The ’ ectrica recording of the time a inined at room temperature. Therefore, the content 
, s of advantage in reducing the error due to the reac- of a bottle obtained January 3, 1927, was allowed to 
.)|CReee : 
PP ion time of the experimenter. Because of the short cool. Active, apparently normal, trophozoites were 


"minal 
seria 
clock 

agnet, 


ime the blood for determinations remains in the 


: found in a sample taken from this bottle the next 
bulb, a bath for temperature control is not thought : 


morning and on every subsequent morning until 
January 14. The relative numbers did not appear 
to diminish for about seven days, but then fell off 
very rapidly. The temperature of the contents of 
the bottle was taken after fourteen hours, and found 
to be 20° C. On several other occasions the organ- 
isms lived at room temperature for four days and 
on one occasion for seven days. The viability of 
trophozoites is also indicated by the fact that water 
from the trucks in which the pigs were transported 
from the cars was found to contain them; they re- 
mained perfectly normal in appearance at room tem- 
perature for twenty-four hours. Feces passed at 
least two hours previously by ten different pigs were 
collected from the pens at the packing plant. 
Trophozoites were found in seven of the ten samples. 
The pigs had been long in transit from Ohio and the 
feces were well formed so that they had to be torn 
apart in water before the trophozoites were freed. 
The latter appeared perfectly normal and swam about 
actively. 


necessary. 
In order to test the accuracy of the instrument, a 
series of experiments was carried out in which the 
relative viscosity of 7 per cent. gum arabic was de- 
suf: termined by means of this instrument and the same 
¢; th rocedure carried out with the Oswald viscosity 
post. pipette, water being taken as unity; in thirty deter- 
arte] HP ninations with each instrument it was found that 
par the relative viscosity of the gum solution when de- 
yenitg termined with this instrument was 3.76 while with the 
‘pli Dswald type it was 3.78. These results appear to be 
er th Gvell within the range of experimental error. The 
movel H@eterminations were made at room temperature and 
ce th the pressure on the fluid maintained at 70 mm. Hg. 
rete The author is indebted to Professor A. J. Carlson 
losed or his helpful suggestions and criticisms of this work 
pillar nd to Mr. F. W. Claassens for his cooperation in 
term! @onstruction of the instrument. 
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en de, 
* “EBALANTIDIA FROM PIGS AND GUINEA-PIGS: 


c THEIR VIABILITY, CYST PRODUC- It seems to be the general opinion that ingestion of 
gs fo TION AND CULTIVATION cysts must occur to set up an infection. (Fantham, 


7 al Steph d Theobald,? 1916); but H 1926 

3 THE following data concerning Balantidium occur-_ . ey scan = ann dj aut egner® ( ) 

meal : ; : ; injected trophozoites from the pig into the stomach 
eng in the pig and guinea-pig are deemed of suffi- ; :; . . 

he al ey Fait of the guinea-pig, and, when the animal was killed 

i nt importance to warrant a report at this time. . 

in ae one hour later, active, apparently normal trophozoites 

ae abundance of material from the pig has been ob- . . : 

in | were found in the stomach, small intestine and cecum. 


ined from two packing plants within several . 
a Ine p g plants within several squares , ‘: : ‘ 
7 f the laboratory, and Dr. W. R. Stokes, of the Balti- This experiment has been repeated with success. 


on ore City Health Department, has kindly furnished 1McDonald, J. D. _ 1922. “On Balanti dium coli 
ah inea-pigs for autopsy that died as a result of ex- (Malmsten) and Balantidiwm suis (sp. nov.) with an Ac- 

ju 7 rimental work. Thus far of the twenty examined, count of their Neuromotor Apparatus. Univ. Calif. Pub. 

Vv ‘ : Ke .» 20: 243-300. 

- fra y per cent. were infected with Balantidium. A Zool., 20: 243-300 


blonv 2s ss 2 Fantham, H. B., Stephens, M. D., and Theobald, M. A. 
] will ny of rhesus monkeys which also harbor Balan- 1916. ‘*‘The Animal Pavhniten of Man,?? 900 wir New 


ad dium is maintained by Dr. Carl Hartman, of they; 
> ay or * . . . . Cee 
en 0 ie Institution. This article » & Sens ef 3 Hegner, R. W. 1927. ‘‘Host-Parasite Relations be- 
of tb on a problem of host-parasite relations which tween Man and His Intestinal Protozoa.’’ The Century 
aS suggested to me by Dr. R. W. Hegner. Co., New York. (In press.) 


RusseLtt A. WAuD 





INFECTIVITY OF TROPHOZOITES 
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Trophozoites of the pig Balantidium, grown in cul- 
ture, were injected into the stomach of a guinea-pig 
four weeks old. It died during the night, but after 
eighteen hours trophozoites, gorged with starch grains, 
were found in the esophagus and cecum. That these 
were not inhabitants of the intestine before the ex- 
periment began is indicated by the fact that the latter 
are always translucent and move slowly, whereas 
those from cultures are blackened from ingested starch 
and move actively. Later another guinea-pig from 
the same litter was given trophozoites by stomach 
tube direct from the pig. This animal also died dur- 
ing the night and trophozoites were found the next 
morning in the ileum, jejunum and cecum. They 
were of two kinds in the cecum; (1) those that para- 
sitize the guinea-pig and (2) the starch-filled forms 
of the pig. When it is considered that trophozoites 
may live in feces for ten days at room temperature 
it is probable that they may serve as well as cysts 
in transmitting infection. 


Cyst PRODUCTION IN THE PIG 


McDonald (1922) states that trophozoites were in 
various stages of encystment in the lower colon and 
rectum of the pig and all encysted in the formed 
feces. In Baltimore during February and March no 
cysts were found until about thirty pigs, all of which 
were infected with Balantidium, had been examined. 
They were not numerous; about three hours were 
required to pick out twenty specimens. Because of 
their large size, cysts of Balantidium can be distin- 
guished with a binocular microscope. Material can 
be diluted in a Syracuse watch glass and examined 
much more rapidly than when slides are used. Cysts 
ean be picked out with a micropipette and studied 
under the compound microscope. In this work, as 
well as by McDonald (1922), the eysts were found 
to be very resistant to fixing and staining. The 
nucleus and other structures are not revealed when 
they are treated with iodine eosine or even when Mal- 
lory’s haematoxylin is run under the cover glass 
after fixation with Schaudinn’s fluid. When bodies 
resembling cysts were finally found the material was 
treated in bulk with hot Schaudinn’s and stained with 
iron haematoxylin (method of Kofoid and Swezy). 
They were then picked out and positively identified. 
Walker‘ (1913) and others state that fecal diagnosis 
for Balantidium in man and monkeys is unsatisfac- 
tory, because for long periods no cysts are passed. 
Walker (1913) states, as does McDonald (1922), 


4 Walker, E. L. 1913. ‘Quantitative Determination 
of the Balantidicidal Activity of Certain Drugs and Chem- 
icals as a Basis for Treatment of Infections with Balan- 
tidiwm coli.’? Philippine Journ. Sci. (B), 8: 1-15. 





[Vor. LXVI, No, 1699 






that cysts are frequent in feces of pigs. Walker an 
others express the opinion that for this reason infg. 
tion in man is usually contracted from pigs. Dat, 
obtained in Baltimore, however, indicate that cys 
may be as scanty in pigs as in man, monkeys ayj 
guinea-pigs. 


CULTIVATION 


Much experimental work has been done recently 
and is being continued on cultivating parasitic pr 
tozoa. The first media tried by myself were mag 
according to directions given by Dobell and Laidlay’ 
(1926) for Endamoeba histolytica. On one occasion 
trophozoites lived seventy-two hours and multiplied, 
The medium consisted of an inspissated human seryy 
slant plus a fluid of Ringer’s solution without der. 
trose, nine parts, and human serum, one part. Ster. 
ile rice starch was added. Transplants from this «l- 
ture failed. Various egg media were tried with neg:. 
tive results. Walker (1913) concluded, as a result 
of experiments, that a 0.5 per cent. NaCl solution is 
best suited for Balantidium. Barret and Yarbrough! 
(1921) cultivated Balantidium coli successfully ins 
medium 0.5 per cent. NaCl, fifteen parts, plus human 
serum, one part. Their cultures were maintained 
thirty-two days. In order to ascertain whether 
Walker’s data could be applied in the cultivation od 
Balantidium from the pig the concentration of tle 
medium in which the organism lives was determined 
Feces from the cecum were filtered through fite§ 
paper and the freezing point method employed, with 
a Beckmann thermometer. The reading of filtrate 
from fresh feces was minus 0.70° C.; of filtrate from 
feces kept forty-eight hours in the laboratory mini 
0.79° C.; and of feces kept 168 hours it was mint 
0.72° C. The freezing point of blood serum is abot! 
minus 0.6° C., and is isotonic with an 0.85 per cell 
NaCl solution. Walker found this hypertonic {0 
Balantidium, and preliminary trials carried out het 
seemed to confirm this conclusion. Hence it wa 
thought that the hypertonicity of 0.85 per cent. Nal 
is due to an excess of inorganic ions. According! 
10 ce of each of the above fecal filtrates were evap” 
rated to dryness; and the organic matter driven of 
by heating. The residue was taken up in 10 ce uf 
distilled water and the freezing point found to 
minus 0.17° C. This is isotonie with a NaC! solutia 
of about 0.25 per cent. On the basis of the abot 
data an attempt was made to prepare synthetic medi, 


5 Dobell, C., and Laidlaw, P. P. 1926. ‘On the Ct 
tivation of Endamoeba histolytica and Some Other Ente 
zoic Amoebae.’’ Parasit., 18: 283-318. 

6 Barret, H. P., and Yarbrough, N. 1921. ‘‘A Method 
for Cultivation of Balantidiwm coli,’? Amer. Journ. Ti 
Med., 1: 161. 
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using 0.25 per cent. NaCl solution and adding urea 

in one instance and aminoids, Biuret free, in another, 
to make the solution about isotonie with blood serum. 
Blood serum and starch were also added to some of 
the tubes. The results of culture experiments were 
invariably negative in the urea tubes. Growth was 
occasionally noted in the aminoids, but transplants 
were unsuccessful. 

Successful results were finally secured by using the 
method of Barret and Yarbrough (1921) with a modi- 
fied Ringer’s solution instead of 0.5 per cent. NaCl. 
The latter contained: NaCl 6.5 gms., KCl 0.14 gms., 
CaCl, 0.12 gms., NaHCO, 0.20 gms., Na,HPO, 0.01 
ems., per liter of distilled water. The ingredients 
were weighed from C. P. erystals on an analytical 
balance but no attempt was made to desiccate them 
before weighing. The freezing points of various solu- 
tions thus far used have ranged from minus 0.52° C. 
to minus 0.58° C. Eighteen ce is pipetted into clean 
test tubes and autoclaved. Two ce of human or horse 
serum is then added, plus a sprinkle of sterile rice 
starch. Pig serum has thus far proved unsatisfac- 
tory. A solution made from Loeffler’s dehydrated 
blood serum is used frequently instead of the human 
or horse serum. This product is manufactured by 
the Digestive Ferments Company, of Detroit, Mich. 
The contents are listed as beef blood 3 parts and 
dextrose broth 1 part. Solution is obtained by add- 
ing 8 gms. of the powder to 100 ce of distilled water 
at 40° C. It is advantageous to measure the water 
in a 250 ee flask containing a few glass beads and 
sterilize. Shaking the flask with the beads aids in 
securing solution, but even so there is much sus- 
pended matter. A culture of Balantidium from the 
pig was maintained for fifty-four days and was still 
thriving on April 4. The tubes are kept in an in- 
cubator at 36° C. and transplants are made according 
to Barret and Yarbrough’s technique. Twenty trans- 
plants have been made. They are made usually at 
three-day intervals, but on one occasion (7th trans- 
plant), a seven-day interval occurred. Trophozoites 
in abundance have been found on a number of occa- 
sions at the end of seven days; but they usually de- 
crease rapidly after three days. 

Twelve attempts have been made to secure pure 
lines by isolating single individuals. The findings 
agree with those of Barret and Yarbrough that this 
can not be done by the drop culture method. The 
organisms appear to be anaerobic. Success was ob- 
tained by picking out single individuals with a micro- 
pipette, placing into a drop of culture fluid on a 
cover slip and dropping the latter into a test tube 
containing the medium. On one occasion multiplica- 
tion oceurred but the transplant failed. 
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After three unsuceessful attempts a culture was 
started with Balantidium from the guinea-pig in the 
same media as are used for the culture from the pig. 
This strain has now been successfully transplanted 
six times. The organisms ingest starch as does the 
pig Balantidium and become very active. It would 
be impossible to distinguish the trophozoites from 
those from the pig if the labels were left off the 
culture tubes. Occasional cysts have been found in 
tubes in which trophozoites from the guinea-pig have 
disappeared. Despite repeated research no cysts have 
been found in cultures from the pig. 


RESISTANCE OF TROPHOZOITES TO HyDROGEN SULPHIDE 


The odor of H.S is always pronounced in the feces 
of pigs. On five occasions this gas has been bubbled 
through culture tubes for fifteen to thirty seconds. 
No deleterious effects have been noted on the tropho- 
zoites. The first time that the experiment was tried 
the culture from the pig lived seven days. It was 
hoped that this gas might be used to check the growth 
of harmful bacteria. Subsequent results were so 
variable that no conclusions are justified. H,S was 
found toxic to the trophozoites when bubbled through 
feces of the pig; when treated and untreated samples 
were kept in the incubator the organisms disappeared 
in forty-eight hours from the treated tubes but lived 
seventy-two hours in the untreated material. 


SUMMARY 


It has been shown that trophozoites of balantidia 
from the pig are normal in appearance and reactions 
when the medium is cooled to room temperature. 
They may live at room temperature for ten days. 
Trophozoites that infect the pig may pass through 
the stomach of the guinea-pig and reach the cecum, 
where they are normal after eighteen hours. Tropho- 
zoites are frequently passed in feces by the pig but 
eyst production is irregular and determined by un- 
known factors as in monkeys, guinea-pigs and man. 
The fluid of pig feces from the cecum is slightly 
hypertonic to blood serum. The method of Barret 
and Yarbrough for the cultivation of Balantidinm coli 
has been found practicable for Balantidium from the 
pig and guinea-pig. The addition of rice starch im- 
proves the medium and Ringer’s solution without dex- 
trose was found more suitable than 0.5 per cent. NaCl 
solution. Loeffler’s beef blood serum may be sub- 
stituted for human serum or horse serum. H,S ap- 
pears non-toxic to Balantidium from the pig when 


passed into culture tubes. 
C. W. REEs 


THE JOHNS HOPKINS SCHOOL OF 
HYGIENE AND PUBLIC HEALTH 
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THE DECOMPOSITION OF HYDROGEN PER- 
OXIDE AND THE MECHANISM OF 
LATENT PHOTOGRAPHIC IMAGE 
INTENSIFICATION! 


IN a previous paper? some interesting experimen- 
tal facts concerning the effect which was called the 
intensification of latent image by H,O, and some 
other substances were presented. This phenomenon 
consists of an increased developability above the nor- 
mal of the exposed portions of a plate treated after 
exposure with H,0O,. 

The object of the present work was to find the 
reason for the intensification of latent image. In the 
course of it, certain possible underlying mechanisms 
suggested themselves. 

It was the work of Bray and Livingston*® on the 
catalytic decomposition of H,O, in solutions contain- 
ing H and Br ions which gave the first possible clue 
as to such a mechanism. They showed that prior to 
a steady state, which may require an hour or more in 
being reached, the following reactions take place 
when acid and soluble bromide are mixed with H,0, 
solution : 


H,O,+2 Br-+2 H*t=Br,+2 H.O (1) 
H,O, + Br,=0,+2 Br+2 H* (2) 


The sum of these, or the steady state gives 


2 H,O,=2 H,O+0, (3) 


Soluble bromide is present in practically all ordi- 
nary dry plates, and in all the previous work on latent 
image intensification acid was present in the solution 
of H,O, used. 

The second possible clue to an explanation of the 
action was a chemical mechanism of latent image 
formation recently proposed by K, C. D. Hickman.‘ 
He has obtained evidence that while in bulk, in a 
test tube, Br in water solution reacts quantitatively 
with Ag,S to give AgBr, H,SO, and HBr, in the 
photographie plate on the other hand, when the 
Ag.S is isolated in the so-called sensitivity specks® 
and the Br is formed only in very limited quantity, 


1 Presented at the meeting of the American Chemical 
Society, Philadelphia, September, 1926. 

2E. P. Wightman and R. F. Quirk, J. Franklin Inst. 
203, 261 (1927). 

3W. C. Bray and R. 8. Livingston, J. Am. Chem. Soc. 
45, 1251 (1923); R. S. Livingston and W. C. Bray, Ibid., 
45, 2048 (1923); R. 8. Livingston, Ibid., 48, 45 (1926). 

4K. C. D. Hickman, Phot. J. 67, 34 (1927). 

58. E. Sheppard, Colloid Symposwwm Monograph 3, 76 
(1925); Phot. J. 65, 380 (1925). 
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by the photochemical decomposition of AgBr grains, 
then certain reactions take place which he believe, 
give rise to metallic Ag instead of AgBr. He fur. 
ther believes, as we do also, that it requires a smaller 
speck of Ag than of Ag,S to produce developability 
of the grain and he gives some evidence in support 
of this contention. 

We have found that when H,O, solution is added 
to a suspension of Ag,S in a solution of acid and 
soluble bromide that some of the sulfur of the sulfide 
is oxidized to H,SO, and, in a bulk reaction such 
as this, AgBr is formed. When no soluble bromide 
is present, however, the Ag,S apparently remains un- 
attacked. 

Taking the previous facts into consideration and 
assuming that Hickman is correct in his contention, 
it seems reasonable to suppose that when the photo- 
graphic plate is treated with acid H,O, the trace of 
bromide formed from the soluble bromide in the 
plate attacks the silver sulfide of the sensitivity or 
latent image speck (where it has not all been trans. 
formed into silver during the light exposure) and 
thus renders the grain developable. 

The fact that acid H,O, converts metallic Ag to 
Ag ions should not alter this hypothesis since Ag 
ions, when adsorbed to AgBr, are at least as effective 
as metallic silver, if not more so, in producing de- 
velopability of the grain. 

W. Clark has contended® that the action of H,0, 
in producing latent fog on a photographic plate is 
purely chemical and not one of chemiluminescence as 
previously supposed by Sheppard and one of us.’ 
The present hypothesis and experimental work, while 
they do not disprove the chemiluminescence view, do 
furnish the basis for a chemical explanation of H,0, 
action. 

An additional experiment which supports the 
chemical view is that if we remove almost all the 
KBr from a plate prior to H,O, treatment, by addi- 
tion of a small amount of AgNO,, not enough to 
give excess of Ag ions, the intensifying effect of 
H,O, is considerably lowered. 

A full paper on this subject will be published 
shortly. 

EK. P. WiGHTMAN 
R. F. Quirk 
EASTMAN KopAK COMPANY, 
ROCHESTER, NEW YORK, 
SEPTEMBER, 1926 


6 W. Clark, Brit. J. Phot. 70, 763 (1923); Phot. J. 66, 


78 (1923). 
7§. E. Sheppard and E. P. Wightman, J. Franklin Inst. 
195, 337 (1923). 
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